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METHODS OF ANALYSIS, A.O.A.C., 4th EDFITON, 1935 
ERRATA AND REFEREES' EMENDATIONS* 

Page Section 

18, 5, note under Hdg Delete first word, “Not." 

.30, 44(a), line 9 Insert “After 15 min." before “Filter.” 

126, 16, line 11 Change “KCIO3” to “KCIO4.” 

135, 46 Change “39” to “38.” 

149, 6, line 5 Change “5” to “S(a).” 

SjiHne 2 Enclose “A X2.0665-hF” in parentheses. 

last line Change “6” to “7(a) or (c).” 

150, 10, line 1 Delete “to remove CO2.” 

18, line 2 Change “evaporate to dryness” to “concentrate 

to sirupy consistency.” 

151, 20, 3rd line from bottom. .Change “thymolphthalein” to “phenolphthalein.” 

152, 21, line 1 Delete “necessarily.” 

27 Change to “Place a 100 cc sample in a Pt dish, 

add 200 cc of a 5% aoln of Na^COs and proceed 
as directed under XII, 34-37. 

28, line 4 Change “19” to “23” and add “See also XVI, 25.' 

160, 51, line 6 Change “prepared” to “finely ground.” 

101, 51, line 3 Change “inversion” to “conversion.” 

55, line 11 Chaiige “inverted” to “converted.” 

168, 30(c) Change “sulfonate” to “disidfonale.” 

175, 24, note, last line Change “Table 24” to “XLII, Table 20.” 

195, 35, 36 Change “U” to “12.” 

212, 29, line 2 After “add” insert “30 cc. of C2II8OH and.” 

line 5 After “separatory funnel” add “(glass stopcock 

lubricated with water).” 

305, ^ Change “72” to “79.” 

338, fy, line 6 Change “(h)” to “(f).” 

347, 44, line 8 Change “(pH 3.0-4.4)” to “(pll 2.5-3, 0).” 

line 9 Change “20-30 cc” to “10 cc.” 

348, 47, line 3 Add “2-4” hrs.” to sentence in parentheses. 

365, 41, line 2 Change “32, 33” to “34, 35.” 

378, 379, 13(j) and (p) Insert “phosphate-free” before “KCN.” 

423, line 2 Add “If the melting point of the glycerides plus 

twice the difference between the melting point 
of the glycerides and the melting point of the 
fatty acids, is less than 73“ , the lard is regarded 
as adulterated.” 

439*29, lust line Delete subscript “5.” 

460, 79, last line Change “26” to “27.” 

463, 5 Transpose Hdg. “By Means of a Spindle, etc.” 

and the preceding note in parentheses. 

464, 6, line 4 Change “LXIl” to “XLII.” 

496, Ref 35 Add “Trans. Roy. Soc. Can., 1919, Sec. Ill, 221.” 

Ref, 38 Add “J. Ind. Eng. Chem., 5, 741 (1913); 8, 331 

(1916); and J. Assoc. Official Agr. Chem., 4, 
435 (1931), and delete “J. Am. Chem. Soc., 
28,435 (1906).” 

500, 22, line 2 ( 'haiige “33 and 35” to “34.” 

558, 44, line 13 Change “0.0043” to “0.00403.” 

619, last column, line 12 Change “0.80” to “0.08.” 

626, column 7, line 17 Change “29.6” to “26.9.” 
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PREFACE TXTTitnTRTH EDITION 


The fourth issue of Oificial and Tentative Methods of Analysis of the 
Association of Official Agricultnral Cheviists Methods of Analysis^’ or 
Booh of Methods'"') is presented to our members and to the public in 
accordance with the plan to publish a revision every five years. This book 
continues to grow in size and in the diversity of its subject-matter in 
harmony wdth the widening horizon of official chemists, who compose 
the Association. The philo.sophy of the Association, howwer, remains 
the same as in the beginning, and it is very aptly set forth by Dr. Harvey 
W. AViley in the introduction to the first edition, which is herewith re- 
printed. 

The geiKU'al arrangement of subject matter follows the plan adopted 
for the second and third editions. Certain unsatisfactory methods 
have been omitted, for instance, the method for tlie determination of 
fluorine in baking powders. No general method for this determination 
has been included, since no satisfactory method has been perfected, al- 
lhough specific procedures for its determination under insecticides and 
waters ha^^e been presented as tentative methods. This subject is being 
intensively studied by the members of the Association and others, and 
those interested should refer to The Jonrnol of the Association for the 
latest de^'elopments. The methods for beers, Avines and distilled liquors, 
Avhich constitute Chapter XATI in the third edition, have been assembled 
in three chapters entitled, respectively, IHalt Beverages, Sirups and Ex- 
tracts, and Brewing Materials; Wines; and Distilled Liquors. Tw^o chap- 
ters of the third edition, i.e., XIII Fibers, and XIY Paper and Paper 
Materials, liavc been deleted because at the present time the work on 
those mati'i’inls is not considered to be of sufficient importance to enough 
mctnbm’s of our Association to warrant cooperative referee work, and 
further because such methods are being satisfactorily studied elsewhere. 

Attention is called to a few^ of the additions to the methods which have 
special significance. In Chapter I, Soils, the method for the determination 
of selenium is timely, as is also the method for the determination of the 
acid-forming and non-acid-forming quality of fertilizers, in Chapter II, 
lYrtilizers, because these subjects have assumed special importance during 
the fast two years. The method for the determination of the phenol coeffi- 
cient of disinfectants, included in Cliapter \T on Insecticides and Fungi- 
cides, is an example of a departure into a field of more unusual methods. 
( 'hap tor XII, Plants, has been materially revised and enlarged, and now^ 



includes a method for the determination of lignin. Atothods have also 
been added in\der the cliapter heading ‘^Nuts and Nut Products.” 

The method for the determination of lead given in the chapter on Bak- 
ing Powtlers lias been deleted. Only the comprehensive method for lead 
in Chapter XXIX, Metals in Foods, has been included. Tlie vitamin 1) 
assay by preventive biological test in Chapter XX\TI, ({rain and Stock 
Feeds, should be noted, as should also the revised and rearrangiMl diapter 
XXXIV, Sugars and Sugar Products. 

Another innovation which should later make a valuable additioi’ 1o the 
book is Appendix I, which presetits methods for tlu‘ jireparation aiid 
standardization of solutions. At present only procedure's for liydrochloric 
acid and alkali are gi^am, but with the appoint nu'nt of a n'fi'rei' on tliis 
subject other material will soon be available. A la'A'isi'd and {'nlarg('d 
section on definitions of terms and iiiterpia'tation of n'sults on fertiliz(‘rs 
and liming materials constitutes Appemlix IT. 

Since the issuance of the third edition, in 19:h), the ('ditorial work and 
the financial responsibilities of the Association have gn^atly incn'asi'd. 
In 1020, tipon recommendation of the I'X<'Cuti\'(' Commit te(‘, the .\s- 
sociation organized an Fditorial Board, composi'd of tlu' Fdiforial ('om- 
mittoes of Methods of Analysis, of The Journal, and of Trineiples and 
Fraclice of Agricnltural Anahjsis, 'J'lm Secretai-y-Tri'asurer of tlu' Associa- 
tion was designati'd Cliairmaii and Fx('euti\'e tiffieer of llu' Fditorial 
Board. The Association nanu'd as the [-aUtorial Commit t('e for the fonrlli 
edition of Methods of Aiady sis, 1C M, Baih'V (( liairman), L. IC Warn'u, 
J. W. Sale, C. C. Frary, H. A, Lepper, and Marian 1C Lap]). 'Fhe n'vision 
of thf'se luetliods is a serious and laborious task. Tlu'ir official characler 
and tlu'ir accoptance in piB'ate and jtublic litigation as tin* slamlanl 
methods of analytical procedure ])lac(' u])on the Association a graxc 
responsibility, whicli challengi'S tin' n‘Sourc('fuliiess and industry of ('\('ry 
reh'ree and associate' reh'n'c to keep the iiK'lhods up to the' higlu'sl point 
of accuracy ami up xo tlio minute in ada])tability to curmit ])robh'nis. 
Kaeh member of tlie Fditorial Coiiimilti'r has ii'iidered (‘\(‘('llent si'rvice 
in the procliictiou of the fourtli edition. To Dr. Ihtiley, th(‘ t 'liairman, 
ami to Miss Lup]). tlc' Fxeciitivf' Si'creiary, the lliaiiks of the Assoi'i.'ition 
are especially flue. Mie ( 'rjininit tef‘, liowf'Vf'i’, if'eogiiizes atifl tin' im'Ui- 
bers: of tlu' .Association shoulfl rf cogni/i', that tlie strength of onr .Assof'ia- 
tiou rests upon the solid ff)Uiidat ion of our iinifiue systf-m of investigation 
of metlxKF, f'ntlm-iastically atid generously su])porte(l by our reff'n'es, 
a.ssociate rf'ft'rees, anri collaborators. Among llmsf' rf'iuiering spi'cial si'rv- 
ice in this r(‘\isioii .should bf; rmaitioiH'il C. 11. Padger, IF V. Balcli, 
Ci. L. Jhdwell, \ . B. Ihmm'y, ( .A. Hrowiif', 1 . 1). ( 'hirke, .1. IF t 'h'Vf'iiger, 
O. I.. I’A'en.son, IF J. Fisher, C. S. Fraps, K. W’. Vn^y, ,). .1. T. Craham, 
V. K. Crotlisch, B. ({. Hartmann, H. D. Ibiskins, 1 1. P. Holman, F. 



Jablonski, G. S. Jamieson, R. II. Kerr, C. S. Ladd, J. A. LeCIerc, R. E. 
Lothrop, J. S. McHargue, W. H. Macintire, J. A. Mathews, L. C. Mit- 
chell, A. E. Mix, V. E. Munsey, A. G. Murray, E. L. Peffer, S. C. Rowe, 
W. H. Ross, C. F. Snyder, L. S. Walker, W. B. White, H. J. Wichmann, 
J. B. Wilson, W. 0. Winkler, and 0. B. Winter. 

It is believed that the fourth edition of Methods of Analysis deserves 
and will receive from its numerous readers as hearty approval as was 
accorded previous editions, 

W. W. Skinner 

Secretary-Treasurer of the Association of 
Official Agricultural ChernistSy 
and Chairman, Board of Editors 

Washington, D.C., 

December 31, 1935 


PREFACE TO THIRD EDITION 


The third issue of Methods of Analysis or Book of Methods, which are 
the abbreviated names of this publication, is offered to the members of 
the Association of Official Agricultural Chemists and to the public with a 
confidence that it will be as favorably received as were the previous edi- 
tions. That this book of methods as originally conceived and executed ful- 
fills the aims of its sponsors and meets the needs of a large group of official 
and control chemists is evidenced by the continued and unexpected de- 
mand which exhausted — six months before this edition was ready for dis- 
tribution— the second edition of five thousand copies. The functions of the 
book and the philosophy of the development of the methods have been 
stated ill the prefaces to former editions. These prefaces are reprinted here 
for reference purposes. 

Although the arrangement is similar to that of the first and second 
editions, the changes, the rearrangements of data, and the additions and 
deletions are worthy of mention. The subject matter is broadly grouped 
into two divisions, non-foods and foods. The first division includes chap- 
ters oil Soils, Fertilizers, Liming Materials, Insecticides, etc., thus bring- 
ing together related subjects, while the later chapters, devoted to foods, 
are arranged in alphabetical order, e.g.. Baking Powders, Beverages, 
Beers, Coffee, Cereal Products, etc. This permits of easy reference and 
better meets the needs of a laboratory handbook. Several independent 
chapters in former editions have been combined with chapters on related 

vii 



subjects, for example, the chapter on Vinegars has been combined with 
that on Spices and Other Condiments and the chapter on Gelatine has 
been included under Meat and ^Meat Products. Beers, Wines and Dis- 
tilled Liquors have been combined in one chapter. The title Feeding 
Stuffs has been changed to Grain and Stock Feeds. 

An evidence of the progressive development of the work of the A.O.A.C. 
is the inclusion of new chapters on Caustic Poisons, Naval Stores, Paints, 
Radioactivity, and Fggs and Egg Products. Chapter headings have been 
assigned to such subjects as Sewage, Fibers, Paper and Paper ^laterials, 
Nuts and Nut Products, etc., indicating new lines of work contemplated 
by the Association. Most notable among these new subjects are \'ita- 
mines, Microchemical ^Icthods, and Bacteriological Methods. The in- 
clusion of these chapter headings, especially the last-named, may seem out 
of place, but the interests of the agricultural chemist have so broadened 
in recent years that he finds it necessary to be professionally equipped 
to deal effectively with all those matters which come within the pur- 
view of research and control oliemists. Tlierefore it has s{^emed wise to 
provide an arrangement to meet future needs. Indeed, the eoneepts of the 
profession of chemistry, especially as they apply to activities of tlie official 
chemist, have of necessity been extended to include jdiysics, microbiology, 
bacteriology, microscopy, engineering, public health, etc. 

An innovation in this edition is tlie placing of cliapter numbers on each 
side of the page at tlie top and the page luimber at the bottom. Tliis ar- 
rangement has facilitated editing by making it possible to include all 
cross references in the manuscript. 

As heretofore, the methods are classified as official and tentative. In 
addition, note is made of those tentative methods which have r('cei^■ed 
first action as official. Second favorable action by the Association is neces- 
sary, however, before these methods are finally adoptt'd as official. ^Fhis 
classification is important to those who use these methods to support ac- 
tion before the courts, since they are accre<lit(al by the Secretary of Agri- 
culture in law enforcement work and are also accepted hy the States in 
regulatory activitie.s. In tins connection it should be understood that the 
methods given under each caption apply in general only to the inat(Tials 
mentioned therfan. 

That the third edition might not be unduly large owing to th(‘ volufne 
of added material, and to make it possible to sell the book at the former 
price, the editors have resorted to abbreviations and contractions, and to 
certain forms of simplified spelling, as for exainph', cc for cubic centimeter, 
g for gram, soln for solution, temp, for tempm’ature, rn.p. for melting 
point, c.p. for chemically pure, and the elements ami common chemicals 
are expressed by symbols or formulas, as (ff, Br, Zn, IK ’l, GaC'b, K.MUO4, 
etc. In referring to the common acids and to ammonia the words “strong” 
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and “concentrated” have been eliminated, it being understood that unless 
otherwise noted these reagents are the full strength product. The letter 
“C” after degrees of temperature has been omitted, because unless other- 
wise stated all temperatures in this volume are expressed in degrees centi- 
grade. All tables have been rechecked, new ones inserted, and many of tlie 
old tables have been reduced in size when by so doing their usefulness was 
not impaired. These changes have saved space equivalent to many pages 
of printed matter. 

While logically no part of Methods of A.7ialysis, the editors, by a vote 
of the Association, have included as an appendix the Definitions for Fer- 
tilizers. 

The organization for the work of tlie third edition differed materially 
from that of the first and s^'cond editions. Upon the recommendation of 
R. E. Doolittle, Chairman of the Committee on Revision for both the first 
and second editions, the Executive Committee ordered the preparation 
and printing in The Journal and in separates of all changes that had been 
made in the methods in any one year. The purpose of this plan was to 
facilitate the compilation of these changes at the time of revision. 

The Editorial Committee appointed by the Association for the third 
edition consists of W. W. Skinner, Chairman; J. A. LcClcrc, J. W. Sale, 
L. E. Warren, G. G. Frary and Marian E. Lapp. The cheerful and gener- 
ous help given to the committee by the various general referees, associate 
referees and former referees has made this revision possible. Among those 
who deserve special mention are the following. S. Alfend, C. H. Badger, 
IL iM. Bailey, L. H. Bailey, R. T. Balch, G. L. Bid well, Y. B. Bonney, 
I. D. Clarke, P. A. Clifford, M. R, Coe, J. Davidson, 0. L. Evenson, 
G. S. Fraps, W. C. Geagley, J. J. T. Graham, V. E. Grotlisch, B. G. Ilart- 
rnann, A. AI. Henry, J. T. Keister, R. H. Kerr, J. C. Krantz, Jr., C. F. 
Jablonski, G. S. Jamieson, C. S. Ladd, H. A. Lepper, W. V. Linder, H. C. 
Lythgoe, W. 11. Alacintire, J. S. AlcIIargue, R. AL Alehurin, A. R. Alcrz, 
\’. 1C Munsey, E. AL Nelson, A. E. Paul, W. H. Ross, G. C. Spencer, 
F. P. Veitch, H. J. Wichmann, J. B. Wilson and 0. B. Winter. 

The work of the committee was organized by the selection of J. A. 
LeClerc as administrative secretary and Alarian E. Lapp as assistant. To 
the painstaking and diligent efforts of these two members of the Revision 
('oiVimittee special credit for the compilation and prompt issue of the 
1930 edition is due. 

W. W. Skinner 
Secretary, Association of Official 
Agricultural Chemists, and 
Chairman, Board of Editors 

Washington, D. C. 

December 31, 1930 



PREFACE TO SECOND EDITION 


The methods of the Association of Official Agricultural Chemists are 
unique in several respects. They are the outgrowth of continual critical 
collaborative trial or test participated in by a largo number of workers 
and undertaken in order to establish the accuracy of analytical Results. 
They are subjected to a scrutiny of phraseology to insure clarity, probably 
unequaled in developing any similar methods. They are formulated solely 
by responsible Federal and State officials acting together and thus ari' 
based on underlying principles of equity. The Association has always en- 
couraged to the utmost the cooperation of representatives of intiUTsted 
industries, but it has jealously reserved the final formulation of its midh- 
ods to official chemists. C'onsequently, these methods have attained an 
enviable position in the fields of activity occupying the attention of the 
Association and are accepted as authoritative in matti^rs at issue bidon^ 
the courts,’ both Federal and State. 

As a result of the collaborati^^e iiu'estigations conducted uiuhu' the nd- 
eree system, deletions, additions, and revisions in th(‘ nudhods are con- 
stantly being made. From 18S4 to 1894 the methods of analysis adopted 
by the Association were published each year, with th(“ si'cndary's report 
of the proceedings of the annual meeting, as a bulled in of tlu^ Division of 
Chemistry of the United Statics Department of Agricult iin‘. In 1895 th(‘ 
methods, brouglit up to date to include the changes sanctioned by tin* 
1895 meeting, were printed as Division of Cluanistry Ifidhdin 4(i, winch 
was later revised to incorporate the clianges subs(‘([urntly madr at thi' 
annual rneeling.s up to 1899. The provisional nudhods for tin' analysis of 
foods, authorized by tin' 1901 meeting, were issui'd in 1902 as Jhirean of 
Ciicmistry Bulletin fio. In 1907 tlu' official and pro\ isional nu'thods as 
adopted by the Association up to that time wi'ia' printed as Bun 'an of 
(’hemistry Bulletin 107, which was revisi'il in 190S. From 1905 until 1912 
circulars giving the official changi's in tlu' methods werr issued annually, 
soon after each meeting. In 1920 the As.sociation puhlislu'd the methods 
of analysis, revised to Xovi'tnber 1, 1919, in book form uiuh'r the title 
“( )fficial and Tentative Methods of Analysis of the Association of Official 
Agricul t u ral (' h c m is t.s . ’ ' 

This revision, authorized in 1922, contains all the chang(*.s in nu'thods 
adopted at the 1919, 1920, 1921, 1922, and 1925 mei'tirigs, as wi'll as the 
polarimetric mi'thod.s for the determination rd sucrost^ and the nu'tbods 
for the determination of moisture and ash in wlu'at flour julopted in 1924. 

The general plan of the original book bas bci'ii retained. The cross- 



reforencos, however, are to page and section, not to chapter and section, 
and the following changes in the text have been made; Two new chapters, 
one on agricultural liming materials and one on gelatin, have been added; 
the chapter on water has been expanded to include brines and salts; the 
methods for sugar products formerly included in the chapters, Foods and 
Id'eding Stuffs and Saccharine Products, have been combined in a chapter 
entitk'd Sugars and Sugar Products; and the methods for stock feeds have 
been rearranged under the chapter heading Feeding SlufTs. 

T^e ('ommittee on Editing Methods of Analysis of the association, 
consisting of R. E. Doolittle (chairman), G. W. Hoover, W. IE Macintire, 
A. J. Patton, P. B. Ross, and J. W. Sale, prepared this revision. AHss 
Marian K. Jaipp, associate editor of The Journal^ gave the committee val- 
uable assistance and edited the manuscript. Referees, associate referees, 
and other members of the Association assisted in compiling and critically 
reviewing the work. 

W. W. Skinner 
Secretary, Association of Official 
A g ric u It u ra I ( ' he mists 

January 1, 1925 * 


IXTHODUCTION TO SECOND EDITION 


In the present publication, the technic of agricultural analy.sis is 
brought up to date. The most valuable contribution made to agricult\ire 
in the last forty years has been that of the standardization of the chemical 
and physical methods of research in agriculture by this Association. The 
im])ortanc{‘ of sound and accurate laboratory methods is not so highly 
appreciat('d as it should bo. Such methods are of supreme value not only 
to the agricultural worker, but also to all research workers in every branch 
of sciiaice, and especially in chemistry. A striking illustration of this is 
s('en in the work on the nature and relative weiglit of the atom. It is not 
appointed to every one to become a leading expert. There are many good 
artists but only a few masters. There arc many notable workers in re- 
s('arch, but oidy a few Curies, Ramsays, iMillikans, Rutherfords, and 
Richards. It is as much method and delicacy of manipulation as vision 
aiid initiative that make the master. 

'Fills revision of methods improves the value of the instruments in the 
ha.n<ls of the seeker of new facts and tlio explanation of nc^v laws. 

Harvey W. Wiley 
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PREFACE TO FIRST EDITION 


In presenting this re^nsio^ of the official an<.l tentative methods of anal- 
3'sis of the Association of Official Agricultural (diemists, it is appropriate 
to give a brief statement of the organization of the Association, its pur- 
pose, and the procedure b}' which the methods arc adopted. 

Membership in the Association is institutional and includes the State 
Departments of Agriculture, the State Agricultural Colleges and experi- 
ment Stations, the Federal Department of Agriculture, and the Federal, 
State, and City offices charged with the enforcement of food, feed, drug, 
fertilizer, insecticide and fungicide control laws. 

The Association was founded at Philadelphia, Pa., September 9, 1884, 
by the following representative agricultural cliemists of that time, the 
organization being the result of a s('ries of informal meidings h(4d the im- 
mediately preceding years: 

Prof. H. aV. A\ iley, Chemist of (he Department of Agriculture, W asli- 
ington, D. C, 

Mr. Clifford Ricliardson, Assistant Chemist of the Department of Agri- 
culture, Wasliington, D. C. 

Mr. Philip E. C’hazal, State ('hemist of Soiitli Carolina. 

Dr. Chas. A\ . Dabruyv, Jr., Stale (‘heinist of \orth ('arolina. 

Dr. W. J. Casco\me, State ('hemist of A irginia. 

Dr. IT H. Jenkins, ( onnecticut Experiment Station. 

Prof. Jolin A. Myers, State t hemist of Mississipjii. 

Prof. IE (-'. AA'hite, Stati' Chemist of (leorgia. 

Mr. C. De(Jhequier, Secretary National I'ertilizer As.^^ociation. 

Dr. Schumann, Dr. Lehmann, Mr. Caines and oIIkts. 

At the first meeting methods for the determination of ammonia, jilios- 
plioric acid and potash in commercial fertilizers were a(Iopt(Hl and work 
was begun for the perfection and adoption of irndhods for the entire rang(‘ 
of agricultural cliemistr}'. Later tin; passagf^ of food and drug and insecti- 
cide and fungicide control legislation by tlie States and liy the I'edcral 
t.ioverriment made it necessary to extend (lie scope of the Association’s 
activities for the reason that the Association rmdhod.s were designated as 
the official methods for the (aiforcerruait of such legislation as well as for 
the control of feeds and fertilizers b}^ the various states. 

To attain the aims of the Association for a set of accuratii methods, a. 
s^^stem was evoh ed by whieli the methods in (pn'stion are subjected to 
the most rigorous and painstaking scrutiny lief ore they can be adopted. 
A ^Teferee'' is appointed for any subject for which tin; Association lias not 
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yet an official method or for a method which seems to require further 
investigation. The referee conducts analyses according to the methods 
suggcstoxl for adoption in comparison with methods already established, 
obtaining the collaboration of as many as possible of tlie workers in that 
field, In addition, a great deal of original research has been inaugurated 
on new methods. This system developed logically until at the present 
time, in order to be adopted as “tentative/^ a method must be recom- 
mended to the Association by the referee, and such recommendation is 
mad^ only after the method has undergone a thorough collaborative and 
critical study. Further, the special committee on methods must approve 
the recommendation and the method must be accepted by a vote of the 
Association. In order to become “official/^ a method must be again ac- 
cepted at another annual meeting. The recommendations of referees are 
published in the reports of the proceedings of the .-Yssociation in the Jour- 
nal of the Association of Official Agricultural Chemists, so that all tentative 
methods are made public before being adopted. This permits considera- 
tion and criticism by chemists who are not members of the Association. It 
is immediately apparent that a method can be made official only after the 
most thorough series of tests, not alone for accuracy, but for ease of opera- 
tion as well. It may be stated without reservation that more elaborate and 
painstaking effort has been expended on this collection of analytical meth- 
ods than upon any other set of similar methods in the field of chemical 
science. 

The compilation and revision of the methods presented in this book was 
made by a committee of the Association, consisting of H. E. Doolittle 
(chairman), B. L. Hartwell, G. W. Hoover, A. F, Seeker (deceased), J. P. 
Street, and W. A. Withers. Later, on the resignation of J. P, Street, 
A. J. Patten was appointed a member of the committee and the work of 
revision was continued. 

A preliminary revision, antedating the revision published in this book, 
was printed in 1916 as supplementary parts to Y^olumes I and II of the 
Journal of the Association of Official Agricultural Chemists. In this pre- 
liminary revision the committee received important assistance from P, L. 
Emerson, F. C. Blanck, and N. A. Parkinson. At that time the scheme of 
numbering the sections in each chapter was adopted in order to simplify 
the system of cross-references. 

In the preparation of the present revision J. A. MacLaughlin rendered 
valuable assis lance. Acknowledgment is also made to the Library of the 
Department of Agriculture for assistance. 

Throughout its work, it has been the aim of the committee not only to 
bring the methods up to date, but especially to state the procedure with 
such lucidity and in such detail as to make it possible for any trained 
chemist to operate without being in doubt at any time. 



Tlie work of the committee has been one of critical revision^ compila- 
tion ami editing. The work of developing the methods was done by the 
^'arious ri'ferees and tlieir collaborators who have report('d to th<' Asso- 
ciation at its annual meetings during the last decade. To them is due the 
credit for the subject matter of tliis book. 

(h L. Alsbkkg 
Secreiary of the Association of 
Official Agricultural Chemists 

September 17, 1920 


IXTRODUCTIOX TO FIRST EDITIOX 


By Dr. Harvey Wiley, Honorary President of the Association of 
Official Agricultural Dlicmists 

In the present edition of the methods of analysis, official and tenta- 
tive, of the Association of Official Agricultural ('hemists, the technic 
of analytical procedurt's has been revised to November 1, 1919. The 
monumental work of tlie Association of Official .Agricultural ('hemists is 
not only well known in the profession in this country, but is recognized 
in all countries as being tlu' last word in agricultural chemical technic. 
The methods of determining the composition of agricultural products, 
as well a- of all bodies related to agriculture, has be(ai n'cognized also by 
the court- of this country. In case of judicial proceedings wlierc different 
methods of analy>is have been employed, the court, in all cas('s where the 
question lui- ari-fai, has recognized the official imUhods as binding. 

At the time of tlie organization of this body, reft'riaal to in the Prefac(', 
agricultural metliods of research, from tln^ chfanical point of vi(’W, were 
extremely cliaotic. I’he progress of agricultural scienca* wfiich has marked 
its history in the last third of a century could not ha\’e been maintained 
amid these chaotic conrlitions. "I'lie methods adopted by tlu' founchu's of 
this A.^socialion for correcting this state of affairs ]ia\'(‘ been shown by ex- 
perience to be the b(.‘st possible, I can say that tlio inqtrovcnirait in agVi- 
cuitural chemical te'chnic has almost kept pace with the growth of tin* 
Association. 

Idle gradual i]icorporatii>n in the membership of tin* Associatioji of 
those scientific men engaged in tin* control of foods and drugs lias widened 
the scope without altering the purpose of the original found(*rs. "foday 
WG find a body of scientific workers in agriculture ami related subjects 
numbering quite half a thousand, who, by tlieir activities ami collabora- 
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tiori, have contributed to the pages of this volume, directly or indirectly. 
The scientific knowledge of agriculture which has been verified and ex- 
tended by this association now forms the foundation of all agricultural 
improvement. 

The profe.ssion of agriculture is the fundamental industry of this coun- 
try. Everything which strengthens the foundations of this industry bene- 
fits the country at large. Our workers are not banded together for personal 
preferment, either in wages or in authority. They have united for the sole 
purpose of benefit ting agriculture and thus increasing production. They 
have not asked for shorter hours, nor for higher pay. They have worked 
in season, out of season, by day and by night, on work days and holidays, 
to perfect that science which, in its application, is the most powerful 
factor in scientific agriculture. 

The ability of the agricultural industry to withstand the assaults which 
are made upon it at the present time is largely due -to the successful efforts 
of our Association. The agricultural industry has been built upon a rock 
and thus it is able to withstand the winds and the floods. This industry 
is now in a more critical condition than any other. The allurements of the 
city, and the high wages of labor therein, have drawn from the farm much 
of its best blood and energy. Congregate life has become so much more 
attractive than discrete life that it is hard to keep the young of both sexes 
upon the farm. Y('t it is plain that if man power and woman power upon 
the farm now be depleted the industry must suffer. Making the farm at- 
tractive does not merely mean beautifying the house in which the farmer 
lives, making it more sanitary, planting trees, flowers and shrubs, but it 
means also the b(\st knowledge of the soil and its properties; the most 
scientific data n^spc^cting the manufacture and use of fertilizing materials; 
the most ticcurate knowledge of the character of crops best suited to the 
soil, and the best system of rotation wEich wall help develop from the soil 
its most generous contribution. In other words, not only must the farm- 
er’s farm be attractive and sanitary, but it must also be productive and 
dividend paying. 

We can well imagine tlie worth of the work which our Association has 
done by picturing for a moment what the present agricultural industry 
would be if all that our science has contributed to it were stricken from 
humaii records. In such a deplorable condition starvation would surely 
be staring the world in the face. In the quiet corners of the laboratory, 
by the midnight oil and by personal devotion, the means which enable 
the farmer to get more remunerative crops have. been worked out and 
perfected. These workers, male and female, who have done this gigantic 
task have never been heralded in the public press, nor received encomiums 
of an admiring world. They have done their work silently and effectively, 
without expectation of praise and without hope of pecuniary reward. 
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Their real reward has been in the consciousness of duty done. The referees 
who have presided over this great work for the past thirty-six years and 
those who have aided them in these investigations, merit the generous 
regard and esteem of the whole scientific world, as well as tlie whole agri- 
cultural w^orld. Our Association has been not one of debate nor of vision- 
ary plans of human welfare, but rather of hard work and concentrated 
devotion to the cause. 

The volume whicii is now laid before you contains the very last word 
of all that is important in agricultural research from the chemical and 
physical point of view. This does not mean that the field is fully exploited. 
The great unknown of tomorrow doubtless holds in its secret embrace 
even greater prospects for Imman betterment than the days whicli have 
already passed. This Association stands ready and with expectant breath 
to receive the messages of tomorrow and translate them to the agricul- 
tural world. 

AVashington, I), C., 

September 15, 1920 
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DEFINITIONS OF TERMS AND EXPLANATORY 
NOTES 


(1) The term “water” used in the methods means distilled water. 

(2) The reagents listed below, unless otherwise specified, have the approximate 
strength stated and conform in purity with the requirements of the United States 
Pharmacopoeia. 

Sulfuric acid Specific gravity 1.84 

hydrochloric acid Specific gravity 1.184 

Nitric acid Specific gravity 1.42 

Fuming nitric acid Specific gravity 1.50 

Glacial acetic acid Specific gravity 1.048 (25°) 

Hydrobromic acid Specific gravity 1.38 

Phosphoric acid 85 per cent strength by weight 

Ammonium hydroxide Specific gravity 0.90 

(3) All other reagents and test solutions, unless otherwise described in the text, 
conform to the requirements of the United States Pharmacopoeia or of the Amer- 
ican Chemical Society. When the anhydrous salt is intended, it is so stated; other- 
wise the salt referred to is the crystallized product. 

(4) In the expressions (1+2), (5+4), etc., used in connection with the name of 
a reagent, the first numeral indicates the volume of the reagent used, and the second 
numeral indicates the volume of water. For example, hydrochloric acid (1+2) means 
a reagent prepared by mixing one volume of hydrochloric acid with two volumes of 
water. When one of the reagents is a solid the expression means parts by weight, 
the first numeral representing the solid reagent and the second numeral the water, 

(5) In making up solutions of definite percentage it is understood that x grams 
of substance is dissolved in water and made up to 100 cc. Although not theoretically 
correct, this procedure will not result in any appreciable error in any of the methods 
given in this book. 

(()) For the sake of simplicity the abbreviations Cl and I instead of CU and U are 
used for chlorine and iodine. Similar abbreviations have been used in other cases. 

(7) All calculations are based on the table of international atomic weights, 
Table I, under XLII. 

i;8) Unless otherwise indicated all temperatures are expressed as degrees Centi- 
grade. 

fO) Directions for standardizing reagents are given in Appendix 1. 




Official and Tentative Methods 
of Analysis 

OF THE 

ASSOCIATION OF OFFICIAL AGRICULTURAL 
CHEMISTS 

1. SOILS' -TENTATIVE 

1 DIRECTIONS FOR SAMPLING 

(In view of the variability in soils, it seems impossible to devise an entirely 
satisfactory method for sampling. It is obvious that the details of procedure should 
be determined by the purpose for which the sample is taken.) 

Remove from the surface all vegetable material not incorporated with the soil. 
Take a sufficient number of samples to insure a composite sample that wall be repre- 
sentative of the tract sampled, to the average depth of plowed soil, usually about 7 
inches, and also take a composite sample from each important and distinctly differ- 
ent soil stratum to the depth of 40 inches, using a soil tube or auger. In using a soil 
auger, enlarge the tir.st boring before boring below the plowed depth and carefully 
clean out the hole to prevent contamination of the successive sub-strata while wdth- 
drawing the samples. Do the sampling when the soil is reasonably dry. Thoroly 
mix the .samples of each depth and dry them in a well ventilated, cool place. 

To calculate the percentage results obtained by analysis to pounds per given 
area of the soil, determine the weight of a given volume of the soil as it lies in the 
field. 

2 PREPARATION OF SAMPLE 

(a) Reduce any soil lumps in the air-dried soil by rubbing in a porcelain mortar^ 
by any other equally effective method that will not reduce the rock fragments, and 
pass thru a sieve having circular opening.^ 1 mm in diameter. Thoroly mix the sifted 
material and j)rcsorve in a suitable stoppered container. Weigh, and discard the 
detritus. 

(b) If necessary for the determination of the total quantity of any constituent, 
pulverize more finely a sub-sample of (a). 

Record :iny deviations from this procedure that are deemed necessary. 

3 MOISTURE 

Dry to constant weiglit, in a wide-mouthed weighing bottle at 100°, 2 g of the 
prepared sample, 2(a). Report the loss in weight as percentage of the moisture-free 
weight of the sample taken. 

4 LOSS ON IGNITION 

(This method gives only an approximation of the organic matter content, es- 
pecially for soils containing much combined water.) 

Ignite the soil from 3 to full redness in a Pt dish or suitable substitute, stirring 
occasionally, until organic matter is destroyed. If the soil contains appreciable 
quantities of carbonates, moisten, after cooling, with a few drops of a saturated soln 
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I METHODS OF ANALYSIS 

of (NH 4 ). 2 C 03 , dry, heat to 200^ for 30 niiii. to exiiel the NITi salts, cool in a desicca- 
tor, and ^-eigh. Report the percentage loss in weight as organic matter. 

CARBONATE CARBON 

5 AC PAH AT US 

Quadruplicate shaking apparatus for crolution of carbonate carbon in soils of high or 
lou' carbon content. — This apparatus (Figs. I and 2) consists of a horizontal holder 
(7/) 21 inches long, f inch thick, and Ij inches wide, having properly spaced slots 



made to fit loosely tljc neck of .a 300 cc KrhnimeyfT tl.'isk taking a No. t) nihluT 
.stopper. The holder is .-'Uspended horizontally from a bar by rncaris of l^ra.^s strip.s 
1 4 iru'hes wide and 24 inches long. The common intake fijr purification of the in- 
coming air leads from a tni)e about 25 itirduv-; long. 

This tube stand.s upright, extending tiiru a ru};bcr strapper in a 1 liter Krlcnmcvfu* 
flask and, to prevent the rncehanical carrying over of any of the jjiirifyirig XaOlI, it 
ha.s inserted in the top a large X distillation luilb. 

The driving wheel '-/) i.' ] inclt thick and 7 inch^;,' in diametfT. The ccccti t ric at- 
tached to its face is ^ inch in thickness and 2 inches in <ii;imeter, and is grooved to 
permit free rotation of the driving shaft, which j- fastened to the end of (In* holder 
by means of a binding po.st. Power for agitation is supplied by the motor ' /), a s(“w- 
ing machine, or .‘•mail rle.-k fati motor, if the motor available ha.s no rheostat, its 
speed can be ea.sily controlled by a battery of 4 lamps, d'hc rtiot<H’ is hinged upright 
on the support so that the pulley will rest upon the edge of the driving wheel. 'I'o 
reduce noise the pulley of the motor is inserted into a rubber stopper. Or the driving 
wheel may be marie to carry a bfdt that is driven hy the pulley of a small motor. 

The absorption tower ^/)) is at lea.st 25 inches high and 1 imdi in diameter. It 
contains alternating pockets of soIi<I glass rorls <arid small glass beads ri'sting upon 
an inverted test tula; 2| inches long. The rubber coiineotirin on (he intake crjck of 
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the tower is used to disconnect the glass tube that extends to the rubber connection 
on the safety bulb tube leading from flask C. 


6 DETERMINATION 

/. Volmnetric Method‘s 


Pulverize the sample to pass a 60-mesh sieve, so as to expose fully to the action 
of the liberating acid any calcite that may be included in quartz crystals. For soils 
low in carbonates use a 10-, 25-, or 50-g charge in the quadruplicate shaking device 
dcseribetl under 5. 

Introduce the charge into the 300 cc evolu- 
tion flask (C/, Figs. 1 and 2), and aspirate 5 


min. to free the apparatus of atmospheric CO2; 
relea.se the suction, and introduce 10, 25, or 50 
cc of 0.5 .Y XaOH or KOH soln into the ab- 
sorption tower. A])ply a suction of 5 inches and 
introduce 60 ce of JIC‘1 (1 +9) containing 5% 
of tSri('l2 ujxrn the soil contained in the Erlen- 
rneyer flask, regulating tlie intake of air by 
means of a screw cock placed just beyond the 
absorption tower. Agitate and aspirate for 60 
min. at the rate of 3*4 bubbles per second. 
Then release the suction and draw off the ab- 
sorbent soln into a 500 ce flask, wa.shing the 
tower with a succession of fillings of COa-free 
H2O to a volume of 450 cc. .\dd 10 cc of neu- 
tral aquooii.^ soln of BaC'h (250 g of BaCIo. 
21120 per liter), make to volume, agitate, and 
allow to stand 4 hours. Titrate the excess of 
hydroxide, using phenolphthalein indicator. 
With a small-bore buret permitting split-drop 
readings to hundredths of a cc, use 0.5 A" acid 
for the titration; with burets of larger bore, 
use 0.1 or 0.25 .V acid. Calculate and report 
the result as percentage of carbonate C or C02. 



7 II. Oravunetric Method^ 


FIG. 2.— ABSORPTION TOWER 


Proceed as in 6, but in lieu of the NaOH 
and KOH absorbent use an absorption tube 

filled with ascarite and preceded in the train by tubes containing an Ag2S04 sus- 
pension in 112^04(1+19), H2SO4, and CaCC in order. Report the increase in the 
weight found for the ascarite tube in percentage of carbonate C or CO 2. 


x\oTE.— .S])ccial consitleration should be given to the soils that have been treated 
with magnesite or dolomite or those known to be derived from the limited magnesite 
area, or from the glaciated region where transported dolomite may occur in con- 
siderable quantities. For such soils, agitate the HCl-SnCC-soil suspension until 
CO2 evolution lias subsided. Then apply heat to the agitated suspension until no 
CO2 evolution is indicated by the liquids in the absorption train. Remove heat, 
discontinue agitation, and draw COz-frec air thru the apparatus for 20 min. The 
absorfition may be accomplished by either the volumetric (G) or the gravimetric 
(7) procedure. 
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METHODS OF ANALYSIS 


ORGANIC CARBON 

I. Furnace ComhusHon Method^ 

8 APPARATUS 

(a) Oj’t/ffen cylinder. — With pressure-regulating valve. 

(b) Electric combustion furnace. — With rheostat, and with |X 24-inch fused silica 
tube containing an 8-inch loosely packed core of platinized asbestos. (CuO may be 
used if a temp, of 950® is not exceeded.) 

(c) Purification and absorption train. — Place 2 scrubber bottles containing a 10% 
sola of KOH, followed by an Ilg valve, between the 0 supply and the intake end of 
the furnace. Provide an asbestos-filled Cu coil with handle as an insulating plug on 
the intake end of the combustion tube; also use an asbestos plug to insulate the 
rubber stopper at the outlet end of the combustion tube. The outcoming current 
is dried and purified by an H2SO4 scrubber, a tube containing 40-me.sh granulated 
Zn, and a tube of P2O5, or equivalent drying material, in order. Connect the drying 
tube with a Xesbit or similar absorption tube filled with alternate layers of glass 
wool and ascarite and protect against moisture and back j)ressure at its outlet by a 
Fisher bubble counter containing H2SO4. 

9 determination 

Bring the furnace to a temp, of 900-950''. Connect the tr.ain and swec]) out the 
apparatus by an adjusted flow of 0. Weigh the al)sor]nion tube against a counter- 
poise, replace it in the train, and introduce well within the heated zone an alundum 
boat containing a 2 g charge of soil admixed with 2 g (d finely divided ('uO. Close 
the intake and open the Xesbit bulb. When no more gas ]):isse.s thru the absorption 
train, connect it with suction, admit a flow of 0, and asijiratc for 30 min. (’lose the 
Xesbit tube, di.sconnect, and weigh against the couMler])o]s(>. ('orrect the total 
evolution of CO2 for the carbonate CO2 (determined as directed under 6 or 7) and 
report as organic or CO2. (There should be no carbonate.s in (he residue in the 
case of acid, calcareous, or dolomitic soils.) (’orrect unlcached alkali soils for the 
original and any residual ('(J^. 

II. Wet Oxidation Method 

10 reagent.s 

(a) Oxidizing sain. — Dissolve 85 g of CrO.^ in 100 cc of U2O and make to 250 ec 
with 85% H3P()4. 

(b) Acid soln . — Mix equal volume.s of 85% IFsPOh and boiled H2SO1. 

11 DETERMINATIO.V 

Introduce 15 g of soil, depending upon the organic matter content, into each of 
the four 300 cc Pyrex Erlenmeyer flasks, 5. In addition, insert a glass i)ulb of about 
inches diameter between the Erlenmeyer flasks and the absorption towers and 
bend the tube leading from this bulb into the Erlenmeyer flask so as to p(!rmit the 
return of the condensed If 20 along the side of the flask. In order to guard against the 
mechanical aspiration of the liberating acids, ])Iace an empty absorlumt bead-filled 
tower or preferably a small condenser between each glas.s bulb and the tower that 
contains the hydroxide absorbent. Free tlie apparatus of atmospheric (’O2 anrl then 
introduce into each absorption tower 25 or 50 cc of 0.5 N NaOII or KOff. Apfily 
.suction to obtain 5 inches of vacuum and run into each F>lenmeycr flask 10 cc of 
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the oxidizing soln. Add 25-40 cc of the acid mixture. Gently agitate the flasks and 
place a low flame under each. Continue the gentle agitation and heating for 30 min. 
after the mixture beings to boil. 

At the end of the agitation and aspiration, release the suction and wash the ab- 
sorbent into a 500 cc fla.sk. Add 10 cc of a neutral aqueous soln of BaCl^ (250 g of 
per liter). Dilute to volume and permit the precipitate of BaCOs to 
settle at least 4 hours (preferably overnight). Pipet an aliquot of 200 cc and titrate 
the residual hydroxide with 0.5 N acid, using phenolphthalein indicator and splitting 
drops by the use of a stirring rod near the end of the titration. 

Residual hydroxide in terms of 0.5 N alkali minus the 0.5 N NaOH originally 
used = the COo present in the sample. Total CO2, corrected for carbonate CO2 as 
ticierrnined under 6, = percentage of CO2 derived from the oxidation of the organic 
material. 

TOTAL NITROGEN 

12 Gunning-Hibbard Method 

Dige.st TO g of .soil in a 500 cc Kjeldahl boiling flask with 30-40 cc of H2SO4 and 
approxim.ately 10 g of salt mixture composed of 10 parts of K2SO4 or anhydrous 
Na2S04, 1 part of FeS04, and | part of CUSO4. Continue the digestion until the 
mixture is colorless or nearly so. After cooling, dilute the contents of the flask with 
1120, add an excess of an approximately 45% XaOH soln, connect the flask with 
the condenser, and distil 150 cc into standard acid as directed under II, 21. (The 
distillation may be carried out in the digestion flask, or, if preferred, the soln may 
be transferred to an .\rmsby Cu pot.) Titrate the excess of acid with 0,1 N or A/14 
alkali, using methyl red or cochineal indicator, II, 19(h) and (i). Report as per- 
centage of X. 

1 3 Kj eldah I M ethod 

Proceed as directed under 12, using 0.7 g of HgO or 0.65 g of Hg instead of the 
.^alt mixture. Mix immediately and heat over a low flame, gradually increasing the 
heat, (continue the dige.stion until the mixture is colorless or nearly so. After cooling, 
dilute the contents of the flask; add 25 cc of sulfide or thiosulfate soln, II, 19(f), 
and an excess of the XaOH soln; and proceed with the distillation and titration as 
directed under II, 21. Report as percentage of X, 

SODIUM CARBONATE FUSION^ 

14 Method I 

Thoroly mix on glazed paper 3 g of soil, ground to 100-mesh, with 15 g of Xa2C03, 
and transfer the mixture carefully to a 100 cc Pt crucible. Cover the crucible, heat 
at low redness until fusion begins, then increase the heat until a clear, quiet fusion 
results; finally, give full heat of a Afeker burner for 20 min., having the flame oblique 
to insure good oxidation. Pour the fusion into a large Pt dish set in H2O. Place the 
crucible and cover in a wide 400 cc beaker and cover with H20. Transfer the fused 
lump from the Pt dish to the beaker, an<l rinse the dish into the beaker with HCl 
(1+9). Add 50 cc of HCl to the contents of the beaker, cover, and keep on a steam 
bath until the fused mass has disintegrated. Transfer the mixture to a 250 cc por- 
celain or (piartz dish and evaporate to dryness on a steam bath. 

15 Method II 


Proceed as directed under 27. 
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16 SILICA 

Take up the residue from 14 or 15 in HCl (1 +9) and filter the mixture so obtained 
(a 9 cm Buchner funnel with suction may be used advantageously). Wash with hot 
HjO containing 5 cc of HCl per liter. Collect the filtrate and wasliings in a dish, 
preferably a casserole, and dehydrate on a steam bath until the SiO^ assumes a crys- 
talline appearance. Moisten with HCl and retieat the dehydration for 2 hours. Add 
5 cc of HCl and 100 cc of hot HoO, mix thoroly, filter, and wash. Add the residue 
to the main portion of Si02 obtained from the first filtration. Make up the comliinoil 
filtrate and washings to 500 cc at 20*^ and save for subsequent determinations. Place 
the tw'o SiOs residues with filters in a porcelain crucible. Moisten with a saturated 
NH4NO3 soln. Ignite with low heat at first to burn off filter paper and then with a 
strong flame, preferably a blast lamp, to constant weight; cool in a desiccator and 
weigh. Report as percentage of SiOo. 

17 OXIDES OF IRON, ALUMINUM, MANGANESE, PHOSPHORUS AND TITANIUM 

To a 100 or 200 cc aliquot of the soln from 16, according to tlie probable (pzantity 
of Fe and Ca present, add NH4OH (1+1) dro])wise until tlie precipitate formed 
requires several seconds to dis.soIve, thus leaving the soln faintly acid. Add 0.5 g of 
solid NH^ persulfate, heat nearly to the boiling point, and add sufficient XlHOil 
(1+1) to precipitate all Fe, AI, etc. Allow the mixture to boil in a covered beaker 
for about 1 min., remove, and if no XH3 is given off (detected by smelling), again 
add NH4OH dropwise until it can be detected. Do not allow the ])re(‘ipitate to 
settle, but stir and pour on the filter. Wash immediately with hot 2.5% XH4NO3 
soln, playing a fine jet around the edge of the precipitate, tliiis cutting it free from 
the paper in order to insure rapid filtration. Wa.sh the precipitate .several times. 
Transfer the paper and the precipitate to the original beaker, add 5 cc of HC'I, 
macerate quickly, add 50 cc of HjO, and heat. (This procedure insures that the 
precipitate will not be carried to the gel .state.) Heprccipilat e the oxides with NII4 
persulfate and XH^OH (1 + 1) as dire(‘ted above, filter, and wash wiili hoi 2,5% 
XHiXOj soln until free from chlorides. Reserve the filtrate and washings from both 
the first and second precipitations for the determination of ('a and Mg. 

Dry the precipitate, remove from the filter, and ignite in a Pt crucible over a 
Bunsen flame, incinerating the filter .separately, and add the rc.sidue to the precipi- 
tate. Then ignite to bright redness, cool in a desiccator, and weigh as FcjOs, AUDj, 
MnjOi, TiOi, and P2O5. 

To this residue add Kfp504, or KzSjO:, and heat at low temp, until tiie precipi- 
tate i-s completely disintegrated; cool quickly and transfer to a fla.sk containing 100 
cc of H2SO4 (1+3). Di.ssolve the melt, reduce with Zn, cool, and determine Fe by 
titration with 0.2 .V KMnOi soln fXXXVII, 59), Report as percentage of FeiOi. 

Or, in lieu of the above fu.sion, evaporate 50 or 100 cc of the soln from 16 after the 
addition of 10 cc of H2.S(J4 until all H(d is (ixpelUnl. Dilute with HoO, reduce with 
Zn, and determine the Fe by titration with 0.2 A" KMn04 soln. 

Evaporate 50-100 cc of the soln from 16 after the addition of 10 cc of HX'Os. Re- 
peat the addition of HXOs and evaporation to in.sure expulsion nf all H(U. From 
this point proceed as directed under XXXVII, 75. Subtract the sum of the oxides of 
Fe, Mn, and P (determined .separately as directed in 29 or 30) from the weight of 
the combined oxides of Fe, AI, Mn, P, and Ti, determined as directed above. Report 
the remainder as oxide.s of AI and Ti. 

18 CALCIUM 

Concentrate the combined filtrates and wa.shtng.s from 17 to about 50 cc,; make 
slightly alkaline with XH4OH (1+1); and add, wdiiic still hot, saturated NH4 
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oxalate soln dropwise as long as any precipitate is produced, and then an excess 
sufficient to convert the Mg salts also into oxalate. Heat to boiling, allow to stand 
3 hours or longer, decant the clear soln thru a filter, pour 15-20 cc of hot H2O on the 
precipitate, and again decant the clear soln thru the filter. Dissolve the precipitate 
ill the beaker with a few drops of HCl; add a little H2O; and reprecipitate, boiling 
hot, by adding NH4OH and a little NH4 oxalate soln. Allow to stand as before and 
filter thru the same filter. Wash free from chlorides with hot II2O. Reserve the fil- 
trates and washings from both precipitations for the determination of Mg under 19 
or 21. Complete the determination by one of the following procedures and report 
as percentage of ('aO. 

fa) Ignite the precipitate in a crucilde either over an S-free blast or in an electric 
oven at 950^ to constant weight, cool in a desiccator, and weigh the CaO. 

(b) Incinerate the filter over a low flame, mix the ignited precipitate with a finely 
pulverized and drieil mixture of equal parts of fNH4)2S04 and NH4CI, and drive off 
the excess of the sulfate by careful heating of the upper portion of the crucible, 
Comidetc the ignition, cool in a desiccator, and weigh the CaSOi.® 

(c) Dissolve the Ca oxalate precipitate from the filter with hot H2SO4 (1+1), 
collect the soln in the beaker employed for precipitation, and titrate while hot with 
0.1 .V KMn04 (XII, 10). Then add the un macerated filter paper to the soln and 
complete the titration. 

MAGNESIUM 

19 M€l}wd I 

Kvaporate tlie combined filtrates and washings from 18 on a water bath to about 
100 cc and add cautiously 20- 30 cc of PIXO3. Cover the beaker, evaporate to dry- 
ness on a hot plate to remove XII 4 salts. Add 5 cc of HCl and evaporate nearly to 
dryness. Dis.solve the residue in hot HoO and a small quantity of HCl. If necessary, 
filter the soln and wash the filter p.iper with about 100 cc of hot H2O. Precipitate 
the Mg as MgXH4P04 by the addition of 3 cc of a 10% soln of XH4 phosphate and 
sufficient XH4OH to make the soln slightly alkaline, Stir the soln vigorously, allow 
to stand 15 min., add 15 cc of XH4OH, and allow the precipitation to proceed over- 
night. Filter, wash the precipitate with XH4OH (1+9), transfer to a porcelain cru- 
cible, moisten the filter with XII4XO3, dry, ignite, cool, and weigh as Mg2P207. 
The filtration m.'iy be made thru a Gooch crucible. Calculate and report the result 
as percentage of MgO. 


Method IP 

20 REAGENT 

Vhosphaie — Dissolve 100 g of (NH4)2HP04 or XaNH4HP04-4H20 in hot 

H2(), cool, and dilute to 1 liter. 

21 determination 

To the combined filtrates and washings from 18, add 100 cc of XIGOH and 50 cc 
of 95% alcohol. Then add with constant stirring 25 cc of the phosphate soln and 
let stand 12-24 hours. Filler, wash twice with NH4OH (1+9) and dissolve the 
precipitate in HNO3 (1+4), washing the soln into the original beaker to a volume 
of 100-150 cc. To this soln add ‘/^ volume of NH4OH and 2 drops of the phosphate 
soln. Stir vigorously and allow to stand 3 liours or longer. Filter thru a Gooch 
crucible, wash with the NH4OH, moisten the filter with saturated ammoniacal soln 
of NH4NO3, ignite, ami weigh as Mg:p207. (kilculate and report the result as per- 
centage of MgO. 
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MANGANESE 

22 Method I 

Treat 1 g of lOO-mesh soil with 5 oc of HF and 5 cc of II2SO4 (1+1). Evaporate 
to dryness, ignite, and fuse the residue with KHSO4. Repeat the addition of IIF 
until all silicates are decomposed. Dissolve in IDO, add HNO3, and evaporate to 
dryness. Again dissolve in HoQ, add 25 cc of HNOa (1+2) and about 0.5 g of Na 
bismut hate, and heat until the permanganate color disappears. From this point 
proceed as directed under XXXVII, 75, beginning with “Add a few drops of a 10% 
soln of XH4 bisulfite or saturated Xa bisulfite to clear the sola.” Report as percent- 
age of mangano-maiiganic oxide (Mns04). 

Method //s 

23 HE AGENT 

Standard manganous sulfate soln. — Dissolve 0.2S77 g of pure KMnO^ in about 
100 cc. of H2O, acidify the soln with H uSO^ (1 +1), and slowly heat to boiling. Add 
slowly a sufficient quantity of a 10% oxalic acid soln to discharge the color. Fool, 
and dilute to 1 liter. 1 cc=0.1 mg of Mn. 

24 DETERMINATION 

Weigh 0.5-5.0 g of finely pulverized, air-dried soil into a 50 cc quartz or Ft 
crucible. Add to the soil approximately 2} times its weight of finely powdered, Mn- 
free KHSO4, and mix thoroly. Place the lid on the crueiblc and heat gently over a 
Bunsen burner about 5 min.; increase the heat gradually until the crucible and lid 
are red hot, being careful not to allow the contents of the crucible to frotli over. 
Continue to heat for about 20 rain., or until the frothing has cea.sed and the contents 
are in a quiet molten condition. Withdraw the flanus from beneath the crucible, 
remove the lid, and rotate the crucible in a horizontal position to spread the molten 
contents over the inner walls to expedite cooling. When the crucible is no longer red, 
immerse it in about 25 cc of II2SO4 T+l) in a 250 cc beaker and digest on a hot 
water bath until the contents of the crucible disintegrate and dissj)ivc. (’arefiilly 
rinse the crucible and lid with hot Tfd) and dilute tlie soln to about 100 cc. Filler, 
and wash the insoluble residue. 

Discard the insoluble residue if it has. a uniform wliite cr»Ior; if it is colored by 
undecomposed particles of minerals, ignite and expel the Sif)^ with HF and H^SOi. 
Fu.se the residue with KHSO4, digest in ir2.S04 (I f 1), and add the soln to the filtrate 
from the fusion. 

Make the soln to a definite volume, take an aliquot for the determination, ami 
add about 0.05 g of K periodate to the alirpiot. Boil the .sfdn until the characteristic* 
purplish permanganic acid color develops, heat on a hot water bath for an hour, 
and set aside to cool, [f the color is deep purple, dilute* the soln to a dedinile volume. 
Remove an aliquot and match against a standard Mn soln in Xc'ssicu* jars, or in a 
colorimeter. Compute the results as percentage of Mn or Mn.d)4. series of .Mn 
standard soln.s is prepared from the .standard manganous sulfate .soln by removing 
aliquots and developing the Mn color with K periodate in the same way as the soln 
of the sample.) 

IODINE* 

25 Fa.'ium Med hod 

Place 0 g of air-dry soil, ground to pass a lOO-mesh sieve, 10 g of I-frec KOH 
pellets and 5 cc of 11 jO in a clean 400 cc iron crucible and stir with a clean piece of 
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No. 6 iron wire until most of the pellets have dissolved. Place the crucible in a 4.5 
in. Bunsen tripod and heat moderately with the flame of a burner, stirring the con- 
tents of the crucible rapidly until the H^O has been driven off and a dry granular 
fu.sed mass remains. Avoid heating the crucible to redness after the H2O has been 
expelled. Cool the crucible and add about 50 cc of H2O and allow it to stand with 
occasional stirring until the fused mass has slaked to a sludge. Transfer the contents 
of the crucible to a 500 cc beaker, police, and wash the inside w'alls of the crucible 
thoroly. Add a small strip of litmus paper, about 0.1 g of K bisulfite, and HCl (1+1), 
.stirring until the contents of the beaker have an acid reaction and a distinct odor of 
8O2 can 6e detected. Add a saturated soln of K2CO3 from a short stem pipet, stirring 


2 


1 


fk;. 3 -furnace used in determination of iodine in soils 

1 — Gas wash bottle, 2 — Rheostat, 3 — Power line, 220 volts, 4 — Quartz tube, 5 — 
Sarnjde (in silliinaiiite boat), 6 — Electric tube furnace, 7 — Stopper (alundum 
crucible). 

until the entire mass has an alkaline reaction. Pour the precipitate of silica, Fe and 
A I hydroxides onto a folded filter and wash thoroly by the addition of about 25 cc 
portions of hot H2O at a time, allowing each portion to drain thru before adding 
another. (The volume of the filtrate and washings should be approximately 500 cc.) 
Transfer the filtrate to a porcelain dish and evaporate until a sludge of salts remains. 
(A small current of com]>ressed air directed on the surface of the soln during heating 
on the water bath will hasten the evaporation.) Remove the dish from the water 
bath and adtl 50 cc of pure 05% ethyl alcohol to the hot sludge of salts. Stir thoroly 
with a policeman until the dish has attained room temp. (The salts assume a pasty 
consistency with much stirring while they are hot and this condition facilitates the 
soln of the KI in the alcohol.) Decant the alcoholic extract thru a small folded filter 
into a beaker, further extract tlie residue with one 25 and one 10 cc portion of alco- 
hol, and decant thru the filter into the beaker containing the first alcoholic extract. 
Dissolve the salts adhering to the filter paper and those in the dish in hot H2O, and 
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evaporate the soln to a sludge. Extract the sludge with one 25 cc and two 10 cc 
portions of alcohol as directed in the treatment of the first sludge of salts, and re- 
peat the process of extraction, using three 10 cc portions of alcohol Combine the 
alcoholic extracts and evaporate to dryness. Dissolve the residue in a small amount 
of hot H2O, rinse into a 250 cc beaker, and evaporate to dryness. Dissolve the resi- 
due in a few drops of hot H2O, a drop of a saturated soln of K2CO3, and add 10 cc 
of alcohol Stir the precipitated salts rapidly with a glass rod for about 10 min., 
and decant the alcoholic extract tliru a small filter into a 150 cc beaker. Further .stir 
the residue, extract with two 5 cc portions of alcohol, decani tliru the filter into the 
beaker, rinsing the filter with a few cc of alcohol, and evaporate tlie extract to dry- 
ness. Dissolve the residue, consisting of .qbout 0.05 g, in a few drojis of hot HjO and 
rinse into a 25 cc Ft or sillimanite disli, evaporate to dryness, and dry at 100° for 
1 hour. Heat the dish at about 400° in an electric furnace having .a jiyrometer attach- 
ment, until the organic matter is burned or charred so that it will not give a turbid 
soln when H^O is added. If a turbid soln is obtained, eva])()rate to dryiie.ss and burn 
again. After cooling the dish, dissolve the residue in a few drops of distilled HA), at 
room temp,, filter the soln, and wasli into a 30 cc separatory funnel (The soln 
should be colorless, slightly alkaline, and have a volume of about 5 cc.) Make 
-dightly acid with a few drops of H2SO4 (I f 1), add about 0.01 g of pure K bisulfite 
to the separatory funnel, stopper, and shake for a few secoiuls to re<luce any iodate 
to iodide. Remove the stopper, and add 1 cc of pure fSj and about 2 cc of a 
soln of pure I-free K or XaXQo. Stopper and shake the separatory vigorously foi- 
about 1 min. Place the .separatory in a stand and allow the containing the 1 to 
collect and settle for aljout 5 min. If the CS. has a light pink color it contains ail 
the T: if it has a deep pink color, run it carefully into a centrifuge tube and further 
extract the .soln in the separatory with 1 cc portions of ('.'^2 until the last i)f)rtion 
ha.s only a slight pink color, ( 'omtjine tlic ext r, acts and c(*ntrifuge. Place a 

portion of the clear extract in a micro cup of a colorimeter and compare quickly 
with a freshly pre])arerl I standarrl having nearly the same depth of color. Report 
results in p.p.iri, 

26 1 o}ni\lufition Mf.thod h>/ Ifrnting Aoff in an Ehclric Idihe Furnace 

Place in a porcelain boat 2.5 -100 g of soil ground to p.as.s a 2-mm sieve and insert 
the boat in the .silica tube, Fig. 3. Tse 2 wa.sh bottle.s ; Milligan), each containing 
100 ce. of 2.59c soln of K.C'Oi. (’onneet the first wash hot tie witli the silica tube 
by means of a glass thimble made to fit a rubber gasket on the small end of the 
combu.stion tube. Connect the wash bottles closely with rithher tubing. Att.aeh the 
last wash bottle to a .suction pump which is regulated to draw the vapor.s at a 
moderate rate into the wash bottles during the time the soil is liealed. (.Vbout 1 
hour is required to attain the maximum temp, of the furnace, which is rnainlained 
for about 2 hours.) DLsconnoct the wash bottles, rinse the soln into a porcelain dish, 
and evaporate to dryness. Dissolve the residue in a few drops of hot H2O, riu.se info 
a 150 cc beaker, and evaporate until aI)out 2 cc remains. Add to the })cakcr 10 ce 
of pure 95% ethyl alcohol, stir rapidly with a glass rod for about 10 rnin., and de- 
cant the extract thru a small filter into a 150 ec beaker. Extract the resiilue with 
two 5 cc portions of alcohol and decant thru the filter into the beaker. Fvajmrate 
the alcohol and wash the residue into a 25 ec sillimanite dish, evaporate to dryness, 
dry at 100°, and heat at about 400° for lOmin. in an electric furnace having a py- 
rometer attachment. Remove the dish from the furnace, cool, and dissolve the 
residue in a few dfops of cold distilled HjO. Filter, and wash into a 30 cc separatory. 
Liberate, absorb, and determine the 1 as directed in 25. 
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SULFUR18 

27 PREPARATION OF SOLUTION 

Weigh 5-10 g of the soil, prepared as directed under 2(b) to pass a 0,5 mm sieve, 
into a 100 cc Ni crucible; add an equal weight of anhydrous Na2C03; and mix well 
with a stout Ni stirring rod of such length as to permit introduction into the furnace 
to be used in the fusion. Pipet carefully 4 cc of H2O into each 10 g of soil; stir well 
to a stiff paste, adding more H2O if necessary, a few drops at a time. Immediately 
add successive portions of about 1 g of S-free Na202, stirring well after each addition 
to obviate excessive frothing and overflow. Continue to add peroxide until the mix- 
ture becomes dry and granular, and then add, as a surface coating, enough to make 
the total peroxide addition 25 g per each 10 g of soil. Place the mixture in an electric 
furnace; maintain a temp, between 400° and 500° during the first half hour, then 
raise it rapidly to bright red heat (about 900°); and continue the fusion at this 
temp, for about 10 min. Withdraw the crucible from the muffle, quickly manipulate 
so as to cause the melt to spread out in a thin sheet over the interior of the crucible, 
and cool rapidly by contact with some good conductor in a cool atmosphere. Place 
the chilled crucible sideways in a 000 cc beaker and cover with H2O. Add about 5 cc 
of 95% alcohol to decompose the Na manganate. Cover the beaker with a watch- 
glass, place on a cold hot plate, and apply heat. Boil briskly until all the melt is 
disintegrated (30 min. is ordinarily sufficient). When the suspension has assumed 
a llesh-colored, ffocculent appearance, with no glassy green lumps in the interior of 
the crucible, remove the crucible and rod from the beaker and wash any flaky par- 
ticles back into the beaker with the aid of a rubber-tipped glass rod, rinsing several 
times with hot H2O. (If small glassy particles still cling to the inside of the crucible, 
disintegrate by boiling IlaO over the hot plate or a small flame and add to the main 
portion.) Filter immediately by suction thru a 9 cm Buchner funnel into a liter 
beaker placed under a bell jar. When no more of the liquid can be drawn thru the 
filter, return the residue, together with the filter paper, to the original beaker, wash- 
ing aii}^ adhering particles carefully from the funnel. Add about 1 g of Na2C03, 
macerate with the stirring rod, add 75 -100 cc of H2O, and bring to a brisk boil while 
stirring vigorously. Again filter thru a Buchner funnel, using suction, until nearly 
dry, and wash with 20 cc portions of hot H2O to a total volume of 500 or 700 cc for 
the 5 and 10 g charges, respectively. 

28 determination 

Add from a buret slowly and with stirring, sufficient HCl to neutralize the soln, 
using methyl red indicator, II, 19 (i). Add 0.5 cc excess of the HCl and concentrate 
by heating to a volume of 400 cc. If a cloudiness should appear, it is imperative to 
remove the Si02 by evaporation and dehydration on an electric hot plate. If the 
soln is perfectly clear, heat to boiling, add slowly 10 cc of a 5% BaCU soln, and 
allow to stand overnight. Filter on a dense filter paper, place paper in a Ft crucible, 
and ignite in an electric furnace. Cool in a desiccator, and weigh as BaSO*. To insure 
against i)ossible inclusion of Si02, add 2 drops of HF and 1 drop of H2SO4 (1 -f-l), 
heat carefully, reignite, and weigh. Report as percentage of S or SO3. 

PHOSPHORUS 

29 Sodium Peroxide Method 

Place 10 g of Na20i in either an iron or porcelain crucible and thoroly mix with 
it 5 g of the prepared soil, 2(b). If the soil has a low organic matter content, add a 
little starch to hasten the action. Heat the mixture carefully by applying the flame 
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of a Bunsen burner directly upon the surface of the charge and the sides of the 
crucible until reaction starts; then cover the crucible and keep at a low red heat for 
30 min. Do not allow fusion to take place. By means of a large funnel and a stream 
of hot H2O transfer the charge to a 500 cc volumetric flask, acidify with HCl and 
boil. Cool, ajid make up to the mark. (If the action has taken place proi)erly, there 
sliould be no particles of uiulecomposed soil in the bottom of the flask.) Allow the 
Si02 to settle and draw off 200 cc of the clear soln. 

Or, in lieu of the above, oxidize 5-10 g of the material and disintegrate the melt, 
as directed under 27. Dissolve the residue with HNO3 (1+1), dilute to 500 cc, and 
withdraw a 200 cc aliquot. ^ 

Precipitate the Fe, Al, and P with XH 4 OH (I + 1 ); filter; wash several times with 
hot Il 20 ; return the precipitate to the beaker; and dissolve it in hot IlCl (1+4), 
pouring the acid upon the filter to dissolve any precipitate remaining. Evaporate 
the soln and washings to complete dryness on a water bath. Take up with HNO 5 
(1+4), heating if necessary, and filter to remove Si 02 . Evaporate the filtrate and 
washings to about 10 cc and add 2 cc of HNO 3 . Neutralize the excess of acid with 
NH 4 OH (1 + 1) and then add IINO 3 until the soln becomes clear, avoiding an excess 
of the acid. Heat to 40-50° in a water hath, add 15 cc of molybdate soln, II, 7(a), 
and keep at this temp, for 1-2 hours. Eet stand overnight, filter, and wash free from 
acid with cold H 2 O. Transfer the filter to a beaker and dissolve in slandaid NaOll 
or KOH (1 cc =0.5 mg of P20a). Titrate the excess of alkali with standard lINOa, 
using phenolphthalein indicator. Or, after adding the 15 r*c of molybdate soln, 
allow to stand 3 hours at a temp, not above 45°, filter on a small filter or on a Oooch 
crucible, and wash with 2.5% NH 4 NO 3 soln and then with cold H 2 O until two 
fillings of the filter do not greatly diminish the color produced with phcnolphlhaleiri 
by 1 drop of standard alkali. Return the filter and preeijutate to the same beaker 
used for precipitating the phosphomolybdate, dissolve the yellow precipitate in 
standard NaOH or KOH (1 cc=0.5 mg of P 2 OO, add a few drops of phenol- 
phthalein indicator, II, 10(d), and titrate the excess of alkali with standard HNO 3 . 
Report as percentage of P 2 O 5 . 

30 Magnesium Xitrale Method 

Place 5 g of soil, prepared as directed under 2(b), in a porcelain dish. Moisten 
with 5-7 cc of Mg(N 03)2 .soln, II, 7(e). Dry on a water bath and burn off the organic 
matter at low redness. Cool, and add 10 cc of II 2 O, 10 cc of HC’I, and 5 cc of HNO3. 
Cover the dish and dige.st the contents for 2 hours on a water bath, stirring 2 or 3 
times during the digestion. Dilute to 250 cc, mix well, and filter thru a dry folded 
filter, pouring back thru the filter until the filtrate is clear. Place an aliquot cor- 
responding to 2 or 4 g of the soil, depending upon the quantity of P present, in a 
hard glass beaker or porcelain dish and evaporate to dryness on a water bath. Take 
up with HNO3 M +4), again evaporate to dryness, and heat for I liour at 1 10 -120°. 
Again take up with the dilute HNO2 and filter. Reduce the coml)ined volume of 
filtrates and washings to 30-40 cc. Make alkaline with NlhOH (1 f 1), and dissijive 
the precipitate with HNO3, using a slight excess. Add gradually with vigorous 
agitation 15 cc of molybdate soln, 11, 7 fa). Keep the soln at 45° for an hour and 
then let stand overnight at room temp. Filter, and wash well with 2.5% NII4NO3 
soln and then with cold H2O. Return filter and precipitate to the same flask and 
determine P volumetrically as directed under 29. Report as percentage of P 2 O 6 . 

31 POTASSIUM AND SODIUM," OR POTASSIUM ONLY 

Triturate gently 0.5 or 1 g of the finely ground soil with 1 g of dry NH 4 CI in a 
smooth mortar, add S parts of CaCfK, and mix intimately. Transfer the mixture to 
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a Pt crucible, rinsing the mortar with a little CaCOs- Heat the crucible gradually 
until fumes of NH4 salts no longer appear and the lower I of the crucible is brought 
to a red heat. Maintain this temp. 40-00 min. The temp, should be sufficient to 
keep the CaCh, formed by the reaction of Nll/Jl with CaCOs, in a state of fusion. 
(The mass does not become a melt because the fused CaClj is absorbed by the large 
quantity of CaCOa present. If the silicate is fused by the application of too strong 
heat, disintegration of the mass at the end of the operation wdth H2O cannot be 
effected. Moreover, too high a temp, causes volatiliaation of alkali chlorides. The 
mass contracts in volume during the ignition and is usually easily detached from 
the crucible.) Transfer the fused mass to a porcelain dish, slake with hot H2O, and 
grind thoroly with an agate pestle. After washing 5 times by decantation with hot 
IT2O, transfer to a filter and wash well (300 cc of wash water is sufficient). To the 
filtrate add sufficient (Nll4)2C03 soln to precipitate any Ca present. Allow to settle, 
decant the supernatant liquid inio a porcelain dish, and concentrate by evaporation, 
finally transferring the precipitate to the dish. When the volume is reduced to 
about 30 cc, add a little (NH 4)2003 and NH4OH, heat, filter into a porcelain dish, 
evaporate the filtrate to dryness on a water bath, and expel NH4 salts by ignition; 
or evaporate with 10 cc of HNO3, followed by 2 evaporations with 10 cc each of HCl. 

If K alone is to be determined, proceed from this point as directed under II, 
44 fa), beginning with “ Dissolve the residue in hot H2O. ’ ' Report as percentage of K2O. 

If both K and Na are to be determined, dissolve the residual alkali chlorides in 
3-5 cc of H2O (a little black or brown flocculent matter usually remains undis- 
solved), warm, and filler thru a small filter into a weighed Pt dish. Evaporate to 
dryness on a water imth, carefully heat the residual alkali chlorides to incipient 
fusion, cool, and weigh as Xa and K chlorides. Dissolve the combined chlorides in 
30 cc of II 2O, add 1.5 cc of Pt('l4 soln, II, 42(b), evaporate to a sirupy consistency, 
and add 15 cc of 2.25 .V acidulated alcohol (prepared by passing HCl gas into a 
mixture of 2000 cc of 95% alcohol and 152 cc of HCl). Filter thru an asbestos 
Gooch and wash with the acidulated alcohol and then with 80% alcohol. Dry the 
Gooch for 1 hour in an electric oven and then weigh. Dissolve the potassium platinic 
chloride with hot H2O, wash with 80% alcohol, and again place in a drying oven 
for an hour. Cool in a desiccator, weigh, and calculate to K2O. Calculate to KCl 
and deduct from the weight of combined Na and K chlorides to obtain NaCl. 
Calculate and report the result as percentage of Na20. 

32 ARSENIC 12 

A\"eigh 5 g of air-dry soil and transfer to a 200 cc Kjeldahl flask. Add 20 cc of 
H2SO4 (arsenic free) and thoroly mix the acid with the soil by rotating the flask. 
Add 5 cc of HXO3 (arsenic free) and 0.1 g of KCIO3 to the H2SO4 soil mixture in 
the flask. Heat the flask gently at first, then gradually increase the heat until the 
soln boils, and digest at this temp, until all the organic matter is oxidized and the 
acid soln is clear. (For soils high in organic matter content it may be necessary to 
add other portions of HNO3 to oxidize all the C and obtain a clear soln.) Cool the 
flask. Dilute the soln with 50 cc of distilled H2O and concentrate by boiling until 
SOs fumes are given off; repeat this operation twice to expel all traces of the oxides 
of N. Dilute the soln in the flask with distilled H2O, transfer to a 100 cc volumetric 
flask, cool, and make to mark. Take an aliquot and determine arsenic by the modi- 
fied Gntzeit method, XXIX, 1. 

SELENIUM i* 

33 I. For soils 

Pulverize the air-dried sample with a wooden roller until all portions other than 
rock fragments are disintegrated. Separate the rock fragments by use of a 2 mm 
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sieve. Sub-sample the sieved material to secure a representative sample of 50 g. 
Transfer the weighed material to a distilling flask equipped with a short condenser 
and a thistle safety tube. The apparatus should have all glass connections (Fig. 4). 
Add 100 cc of hydrobromic acid (HBr) to which has been added 2 cc of Br. Warm 
gently for 15 min. and distil into a 100 cc Krlenmeyer flask containing 5 cc of IIjO. 
Have the outlet of the distilling tube submerged. If, on gentle warming, a drop of 
Br does not collect beneath the II aO in the receiver, add 2 cc of Br to the distilling 
flask thru the thistle tube and repeat the gentle warming. Distil 60 cc of distillate 
into the receiver. To the distillate in the Erlenmej'er add 25 cc of H2O and cool in 
ice H3O. Pass a slow stream of SO2 into the distillate until the Br is femoved. 
Add 0.25 gof hydroxylamine hydrochloride (NH3OH.HCI). Warm the Erlenmeyer 
on a steam bath at 80° for 15 min. and allow to stand overnight. The selenium will 
appear at the bottom of the Krlenmeyer as a rose-pink precipitate. Modify the 
further treatment according to the quantity of the precipitate as directed below. 



VI(.. 4. --APPARATUS FOR DETERMIXATIOX OF SELEXIUAf IX SOjr.S 

(a) Precipitate estimated as not greater than O.o tng . — Filter thru a small asbestos 
Gooch crucible with suction. If a small quantity of oily material accompanies the 
precipitated .selenium, wash the asbestos pad with 10 cc of 95% alcohol and then 
with 10 cc of H2O. Redissolve the precipitated selenium from the asbestos pad with 
10 cc of 48% HBr, which has been rendered a bright red by the addition of Br. 
Collect the filtrate by suction in a 25 cc volumetric flask and wash the pad with two 
portions of H^O. Decolorize the filtered soln with SOj and then add J cc of a soln 
containing 100 nig of NH2OH. HCi and 25 mg of gum arahic per cc. Make to volume 
with distilled H2O. Transfer the flask and contents to a steam bath and warm at 
80® for 30 min.; then cool to room temp., .shake vigorously, and transfer to a 50 cc 
Nessler tube. Before the final precipitation of the selenium in the volumetric fia.sk 
prepare a series of standards in 25 cc volumetric flasks by the addition of 0.01, 
0.02, 0.05, 0,1, 0.2, 0.5, and 0.7 mg of selenium as .sodium selcnate. Preci[)it:ile these 
standards after addition of HBr, Br, H2O, NH2OH. HCI, and gum arabic, and treat 
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precisely as the sample is treated. Compare the sample with the standard in any 
suitable color comparator and estimate the quantity of selenium present. Express 
the results obtained in p.p.m. of the air-dried soil, 

(b) When the quantity in below 1 (shown hy -preceding determination) and 

u'ken greater delicacy is desired . — Distil 100 g of the soil sample with HBr as directed 
under 33. When the distillation is complete, replace the soil sample in the distilling 
flask with a second 100 g sample. Add to the distillate, from the first distillation, 
50 cc additional HBr and 2-4 cc of Br, together with 22 cc of H2S04. Allow to stand 
and repeat the distillation as often as may be necessary to integrate the minute 
quantities of selenium until an adequate quantity for measurement is obtained. 

(c) When initial precipitation is in excess of 0.5 mg . — Redissolve the washed pre- 
cipitate in HBr colored with Br as directed under (a). Transfer the dissolved ma- 
terial to a 100 cc beaker and dilu+e with 20% HBr to a volume of 50 cc. Precipitate 
this soln with SO2 and add 0.2,5 g of NH2OH.HCI. Warm on a steam bath for 15 
min. and allow to stand overnight at room temp. Filter on a weighed Gooch, 
dry at 85“ for 4 hours, and weigh. The balance used must be sensitive to at least 
0.05 mg. 

34 II. For shales and srdfide ores 

Place 200 cc of HNO3 in a 400 cc porcelain evaporating dish and heat to gentle 
boiling. Add slowly 10 g of the powdered sample. If the ensuing reaction is vigorous, 
add the sample in small quantiles and allow the vigorous reaction to subside after 
each addition. When all the sample is added, add 50 cc of £[2804 and allow the 
mixture to stand on the water bath overnight. Transfer to a distilling flask and 
proceed as directed in 33, 33(a), or 33(b). If shales are free from sulfides, treat ex- 
acth' as prescrilual in 33. 

35 OUALITATIVE TEST FOR SOIL REACTION 

Place strips of neutral litmus paper in the bottom of a number of Petri dishes; 
over these lay 1 or 2 thicknesses of filter paper (free from acid); and place the soil, 
prepared ns directed under 2(a), on the filter paper. With a horn spoon or clean 
spatula pre.s.s the soil down firmly against the paper and add enough H2O (tested 
and found neutral) to saturate the soil. Cover the dishes, allow to stand for 30 min,, 
and then note the color of the test paper. A check Petri dish containing neutral 
litmus paper and filter paper, moistened with the same H2O, is allowed to stand 
under the same conditions. The filter paper gives a uniform background and even- 
ness of contact. 

REACTION VALUES 

36 DETEKMINATION^^ 

Use either t he colorimetric or electrometric method, as found convenient. Deter- 
mine the reaction values on fresh moist samples, using a soil-to-water ratio of 1 :5, 
with intermittent agitation for 30 min. 

37 METHOD OF STATEMENT 

For simplicity and ease of interpretation use a dual system of statement, giving 
both pll valuc.s and their equivalents in arithmetically related numbers in paren- 
theses, as tabulated (following page). 
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OR pH 

.STKCIFrC ACIDITY 

SriRENSEN OR pH 

SPEOIKir: ALKAL 

V.VLUES 

OR HYDROGEN-ION 

values 

OR HYDROXYL- 


CONCENTR.iTIONS 


CONCENTRATU 

7.0 

0.0 

7.0 

0.0 

6.0 

0.5 

7.1 

0.5 

() . 8 

1.0 

7.2 

1.0 

6.7 

1.5 

7 . 3 

1 .5 

6.6 

2 

7.4 

0 

6 , 5 

3 

7 . 5 

3 

6.4 

4 

7,6 

4 

6.3 

5 

7 . 7 

5 

6.2 

6 

7.S 

6 

6.1 

8 

7.0 

s 

6,0 

10 

8.0 

10 

5.0 

12.5 

8.1 

12.5 

5 . 8 

IG 

8.2 

16 

5 . 7 

20 

8.;^ 

20 

0 . 6 

25 

8.4 

25 

5 .5 

31.5 

8.5 

31 .5 

5.4 

40 

S . 6 

40 

5.3 

50 

8.7 

50 

5.2 

63 

8.8 

63 

5.1 

SO 

8.0 

80 

5.0 

100 

9,0 

100 

4.9 

125 

0.1 

125 

4.8 

IGO 

0 . 2 

160 

4.7 

200 

0.3 

200 

4.6 

250 

0 . 4 

250 

4 . 5 

315 

. 5 

315 


38 NITRATE NITROGEN 

Place 100 g of the air-dried soil, prepared as directed un<ler 2 a), and oOO cc of 
H 2 O in a suitable container, and agitate for 0 min. Add 1 g of C'aO or 2 g of pre- 
cipitated CaCOj, agitate thoroly, allow to stand 10 2(1 min., and obtain a clear 
filtrate. If the filtrate contains 6 p.p.m. of Cl, or less, proceed as directed under 
XXXVII, 17, using 25 cc of the filtrate; if it contains more than G p.p.m. (d, proceed 
as directed under XXXVII, 19, using 25 cc or a quantity that will contain not to 
exceed 0.1 mg of N in the form of nitrate. Report as percentage of nitrate N. 

39 ALKALI SALTS 

To 100 g of soil in a 500 cc bottle, add 250 cc of 1120. Stopper, shake thoroly, and 
allow to stand overnight. Filter thru a Pasteur-Chamberland filter. Kvaporate 50 cc 
of the filtrate to dryness in a Pt dish on a steam bath, ignite at a hov reil heat to 
decompose organic matter, cool in a desiccator, and weigh for total salts. Dissolve 
the residue in the Pt dish in 10-15 cc of hot H 2 O, transfer to a 50 cc volumetric flask, 
cool, and dilute to the mark. 

For determination of til, titrate an aliquot of 10 cc iigainst O.l M AgXOs solii. 
Calculate and report the result as percentage of NaCl. 

For determination of alkali carbonate, titrate an aliquot of 10 cc against 0.1 N 
HCl. Calculate and report the result as percentage of Na 2 COj. 

Determine' sulfates by difference. If much ( -aSOi is present, filter a 10 cc aliipjot 
of the soln of the salts in hot H 2 O thru a small filter, add 75 cc of alcohol, and digest 
for 3 hours; filter, veash with alcohol, and ignite; subtract the amount of CaSO* 
from the amount of sulfates. 
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II. FERTILIZERS 


1 DIRECTIONS FOR SAMPLINGi— OFFICIAL 

Each official sample sent to the laboratory shall consist of at least 1 lb. of the 
material taken in the following manner: Use a sampler that removes a core from the 
top to the bottom of the bag. Take cores from not less than 10% of the bags present 
unless this process necessitates cores from more than 20 bags, in whiducase take 
a core from I bag for each additional ton represented. If less than 100 bags, sample 
not less than 10 bags; if less than 10 bags, sample all bags. Thoroly mix the })ortions 
taken on a clean oilcloth or paper, reduce by quartering to the quantity (d sample 
required, and place in an air-tight container. 

2 PREPARATION OF SAMPLE— OFFICIAL 

Pass the entire sample submitted to the chemist thru a 10-mcsh sieve before sub- 
dividing for analysis. Reduce the gross sample by quartering to a quantity sufficient 
for analytical purposes. Transfer the sample to a sieve having circular openings 
1/25 in. (1 mm) in diameter and sift, breaking the lumps with a pestle. Grind the 
portion remaining on the sieve until all particles pass thru, grinding and sifting as 
rapidly as possible to avoid loss or gain of moisture during the operation. Mix 
thoroly and preserve in tightly stoppered bottles. 

3 MECHANICAL ANALYSIS OF BONE AND TANKAGE OFFICIAL 

Transfer 100 g of the original material to a sieve having circular openings I 50 
in. (0.5 mm) in diameter. Sift, breaking the lumps by means of a soft rubljcr pestle 
if the material has a Tendency to cake. Weigh the coarse portion remaining on the 
sieve. Determine the fine portion by <iitTerence. 

MOISTURE 

4 B>j iJnjiufj — OjJicial 

Heat 2 g of the sample prepared a.s directed under 2 for 5 hours in a water oven 
at the temp, of boiling HjO ^98-100^). In the case of potash salts, \aXO3, and 
(Xn4)2S04, heat at about to constant weight. Report the percentage loss in 
weight as moisture. 


By Duiillation with Toluent^ — Tentative. 

(Not applicable to urea, calcium nitrate, ammonium nitrate, and other salts con- 
taining water of crystallization, or that arc volatile or decomposed at low lernj)er- 
ature, and to mixtures containing .such salt.s.) 

5 AI4*AK.\TU.S 

fa) Dutillation apparatus . — 250 cc Pyrex Erlenrneyer flask, receiving 1iil)e or 
trap graduated in 0.1 co, and condenser. Ground-glas.s joints arc i>rcferai»I(‘, but 
pressed cork may be u.sed, XXVII, 3. 

(b) Tube brush attached to a tony irire. 

6 DKTKKMIN'ATIOV 

Place in the fla.sk .siiflicienf sarni)le to give 2 5 cc of IlzG ^vejglit sfiould not 
exceed 20 g). Weigh rapidly tfj 1 mg. (Extremely hygroscopic materials sliould be 
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placed in covered weighing tubes, and the samples should be weighed out by differ- 
ence.) If the sample is likely to bump, add enough dry sand to cover the bottom 
of the flask. Add 100 cc of toluene immediately and connect the flask to the trap 
and condenser. Pour 50 cc of toluene thru the condenser, filling the trap. Bring 
the mixture to a boil and distil slowly (about 2 drops per second), until most of the 
II2O has passed over, then increase the rate of distillation to about 4 drops per 
second. When all the H2O has apparently distilled, wash down the condenser by 
pouring 5-10 cc of toluene in at the top, and continue the distillation until no more 
H2O will distil over. (The distillation for organic materials and salts that contain 
no watei' of crystallization may be completed within an hour, but such salts as 
calcium nitrate require a much longer time, 7-10 hours.) If H2O remains in the 
condenser, remove it by brushing down with a tube brush attached to a long wire, 
washing down the condenser at the same time with toluene. Allow the receiving 
tube to come to room temp. Force any drops adhering to the sides of the tube into 
the II 2O column with a rubber band wrapped around a wire. Read the volume of 
HaO and calculate the percentage of the sample, assuming the weight of I cc of 
H2O to be 1 g at room temp. 

It is necessary to have the condenser and receiving tube absolutely clean at the 
start to prevent adherence of H2O to the glass. Clean with chromic-sulfuric acid, 
rinse with alcohol, and dry thoroly. Used toluene may be recovered by distillation 
from anhydrous CU8O4. 

TOTAL PHOSPHORIC ACID 

Gravi7n€tric Method — Oficial 

7 REAGENTS 

(a) Molybdate soln. — Dissolve 100 g of molybdic acid (M0O3) in a mixture of 144 
cc of Nil <011 and 271 cc of H2O. Pour this soln slowly and with constant stirring 
into a mixture of 489 cc of HNO3 and 1148 cc of H2O. Keep the final mixture in a 
warm place for several days or until a portion heated to 40° deposits no yellow pre- 
cipitate of NH4 phosphomolybdate. Decant the soln from any sediment and pre- 
serve in glass-stoppered vessels. 

(b) nitrate soln. — Dissolve 100 g of phosphate-free NH4NOa in IIiO 
and dilute to 1 liter. 

(c) Magnesia 7nizture. — (1) Dissolve 11 g of MgO in IICl (1 +4), avoiding an ex- 
cess of the acid; add a little MgO in excess; boil a few minutes to precipitate Fe, 
Al, and P2O3; and filter. To the filtrate add 140 g of NH4CI and 130.5 cc of NH4OH 
and dilute to 1 liter. Or, (2) dissolve 55 g of crystallized MgCl2.6H20 in HjO, add 
140 g of NIUC'l and 130.5 cc of NH4OH, and dilute to I liter. Or, (3) dissolve 55 g 
of crystallized MgCl2.0H2O in H2O, add 140 g of NH4CI, and dilute to 870 cc. Add 
NH4OH to each required portion of the soln just before using, at the rate of 15 cc 
per 100 cc of soln. 

(d) Amwio/iifcai hydroxide for washing (1+9). — Should contain not less than 
2.5% of Nils by weight. 

(e) Magnesium nitrate soln. — Dissolve 150 g of MgO in HNO3 (1 + 1), avoiding 
an excess of the acid; add a little MgO in excess, boil, filter from the excess of MgO, 
Fe^Os, etc., and dilute to 1 liter. 

8 PREPARATION OF SOLUTION 

Treat 2 g of the sample by one of the methods given below. Cool the soln, dilute 
to 200 cc, mix, and pour on a dry filter. 
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(a) Dissolve in 30 cc of HNO3 and 3-5 cc of HCl and boil until the organic matter 
is destroyed. (Suitable for materials containing a small quantity of organic matter.) 

(b) Dissolve in 15-30 cc of HCl and 3-10 cc of HNO3. (Recommended for fer- 
tilizers containing much Fe or A1 phosphate.) 

(c) Evaporate with 5 cc of MgNOg, ignite, and dissolve in HCl. (Suitable for or- 
ganic material like cottonseed meal alone or in mixtures.) 

(d) Boil with 20-30 cc of H^SO^ in a 200 cc flask, adding 2-4 g of NaNOa or KNO3 
at the beginning of the digestion and a small quantity after the soln has become 
nearly colorless, or adding the nitrate in small portions from time to time. When 
the soln is colorless, add 150 cc of HoO and boil for a fe\v minutes. (Generally ap- 
plicable to materials or mixtures containing large quantities of organic matter. With 
cottonseed meals and materials of like nature it is best to add first about 5 cc of 
HXO3 and then the H.SO^.) Before adding tlie nitrate, allow the mixture to digest, 
at a gentle heat if necessary, until the violence of the reaction is over., 

9 DETERMINATION 

Pipet an aliquot of the prepared soln corresponding to 0.25 g, 0.50 g, or 1 g, into 
a 250 cc beaker; add XH4OH in slight excess, and barely dissolve the precipitate 
formed with a few drops of HXO3, stirring vigorously. If HCl or 112^^04 has been 
used as a solvent, add about 15 g of crystalline XH^XOa or a soln containing that 
quantity. lo the hot soln add 70 cc of the molybdate soln for everv de<agram of 
PaOi present. Digest at about (35° for 1 hour, and determine whether or not the 
P2O5 has been completely precipitated by adding more molybdate suln to the clear 
supernatant liquid. Filter, and wash with cold H2O or ])roferal)ly with the XI^XOs 
soln. Dissolve the precipitate on the filter with Xn4()n G-f 1) and hot ICO and 
wash into a beaker to a volume of not more than 100 cc. Xeutralize with II 01, using 
litmus paper or bromothymol blue as an indicator; cool; and from a l)uret add .<Iowlv 
(about 1 drop per second), stirring vigorously, 15 cc of the magnesia mixture for 
each decigram of p2().j present, .\fter 15 min. adtl 12 cc of XII4OH, Let stand until 
the supernatant licpiid is clear ^usually 2 hours), filter, wasli the precijiitate with 
XH4OH '1—9) until the wa.-hings are pr;ictica]]y free frr>m chlorirlos, dry, burn at 
a low heat, and then ignite to constant weight, preferably in an electric furnace, 
at 950 1000°; cool in a desiccator, and weigh as Mg2P207. (.\alculate and report the 
result as percentage of P20i. 

V olumctric Method — Official 

10 HE AfiENTS 

(a) Molybdate soln . — To 100 cc of molybdate soln, 7fa), add 5 cc of IIXO3. 
Filter this soln immediately before using. 

(b) Standard sodium (>r potassium hydroxide sohi. — -Dilute 323. SI cc of X alkali, 
free from carbonates, to 1 liter; 100 cc of the soln .should neutralize 32.38 cc of X 
acid; 1 cc = l mg or 1% of P^Oj on a basis of 0.1 g of sul>stance. 

{c) Standard acid soln, — Prepare a soln of IHfl or of IIXO^, corresponding to the 
strength of fb), or to ^ of this strength, and standardize by titration against that 
soln, using the phenolphthalein indicator. 

(d) Phenolphthalein Dissolve 1 g of phcnolplithalcin in 100 cc of 

alcohol, 95% by volume. 

11 PREPARATION OF 80LUTIO.V 

Treat 2 g of the sample a.s directed under 8^a), fb), (c) or (d), preferably (a) when 
these acids are a suitable solvent, and dilute to 200 cc with II 2O. 
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12 DETERMIN’ATION 

(a) For percentages up to 5 use an aliquot corresponding to 0.4 g of substance; 
for percentages between 5 and 20 use an aliquot corresponding to 0.2 g of substance; 
and for percentages above 20 use an aliquot corresponding to 0.1 g of substance. 
Add 5-10 cc of HNOa, depending on the method of solri for the equivalent in NH4- 
NO3); add NH4OH until the precipitate that forms dissolves but slowly on stirring 
vigorously, dilute to 75-100 cc, and adjust to a temp, of 25-30^ For percentages 
below 5, add 20-25 cc of the freshly filtered molybdate soln; for percentages between 
5 and 20 add 30-35 cc of the molybdate soln; and for percentages greater than 20 
add sufficient molybdate soln to insure complete precipitation. Place the soln in a 
shaking or stirring apparatus and shake or stir for 30 min. at room temp., decant 
at once thru a filter, and wash the jirecipitate twice by decantation with 25-30 cc 
portions of H^O, agitating thoroly and allowing to settle. Transfer the precipitate 
to the filter and wash with cold H^O until the filtrate from 2 fillings of the filter 
yields a pink color upon the addition of phenolphthalcin and 1 drop of the standard 
alkali. Transfer the precipitate and filter to the beaker or precipitating vessel, dis- 
solve the precipitate in a small excess of the standard alkali, add a few drops of 
phcnolphthalein indicator, and titrate with the standard acid. 

(b) Not applicahle in the presence of svlfates.^ — Proceed as directed under (a) to 
the point where the soln is diluted to 75-100 cc. Then heat in a water bath to 45-50^^, 
add the molybdate soln at the rate of 75 cc for each decigram of P2O1 present, and 
allow the mixture to remain in the bath, stirring occasionally for 30 min. Decant 
at once thru a filter, wash, and titrate as directed under (a). 

WATER-SOLUBLE PHOSPHORIC ACID 

13 Gravimetric Method — Official 

Place 1 g of the sample on a 9 cm filter and wash with successive small i>ortions 
of 1120, allowifig each portion to pass thru before adding more, until the filtrate 
measures about 250 cc. If the filtrate is turbid, add 1-2 cc of IINO3, Dilute to a 
convenient volume, mix well, and proceed as directed under 9, 

14 Volumetric Method — Official 

Treat the sample as directed \inder 13. To an aliquot of the soln. corresponding 
to 0.1, 0.2 or 0.4 g, add 10 cc of HNO3, nearly neutralize with NH4OH, dilute to 
60 cc, and proceed as directed under 12. 

CITRATE-INSOLUBLE PHOSPHORIC ACID (MODIFIED FRESENIUS-GLADDING METHOD)— 

OFFICIAL 

15 REAGEXT 

Aynmoniuin citrate Should have a specific gravity of 1.09 at 20® and a 

pH of 7.0 as determined by the electrometric method with the hydrogen electrode 
or by the colorimetric method with phenol red. When using the colorimetric method 
proceed as follows: 

Dissolve 370 g of crystallized citric acid in 1500 cc of IDO and nearly neutralize 
by adding 345 cc of NII4OTT soln (28-29% NHs). If the concentration of the 
NII4OH is less than 28%, add a correspondingly larger volume and dissolve the 
citric acid in a correspondingly smaller volume of H2O, Cool, and make exactly 
neutral as follows: 

Transfer 10 cc of the c it, rate soln to one of the standard test tubes of a hydrogen- 
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ion comparator set with color standards and add 0.5 cc of a 0.02% soln of phenol 
red or a sufficient volume to give the same concentration of indicator as used in the 
color standards. Add from a graduated pipet a few drops of NH40n (14-7), mix, 
compare the color by use of the comparator with that of the color standards of the 
same indicator, add more NH4OH, if necessary, and repeat the test until the color 
matches that of the color standard corresponding to a pH of 7.0. If the NIT4OII 
added is in excess of that required to give a pH of 7.0, discard the soln and repeal 
the test, using a smaller quantity of NIHOH. From the quantity of NH4OH soln 
required to produce in the sample a color that exactly matches the standard, cal- 
culate the quantity of NH4OH required to neutralize the rest of the soln." Add this 
calculated quantity of NH4OH and check its reaction by repeating the test as before 
with the addition of a small quantity of NH4OH or of a citric acid soln as may be 
required. When the color matches, dilute the soln, if necessary, to a density of 
1.09 at 20°. (The volume will be about 2 liters.) Kcc]) in tightly stoppered bottles 
and check pH from time to time. 

Phenol red is recommended in place of bromothymol blue as the salt effect due 
to the presence of the \H4 citrate soln gives a pH reading with the latter indicator 
that is approximately 0.20 unit too high. When bromothymol l)Iup is used, subtract 
0.20 from the observed reading to obtain the true reading. 

The other reagent. s and .'joins are described under 7 and 10. 

16 DETEKMIN'.\TION'^ 

(a) Acidulated samjdefi. — Heat 100 cc of the XH4 citrate soln to 0,5° in a 250 ce 
fla.sk placed in a water bath, keejhng the flask loo.sely stoppered to prevent evapora- 
tion. Keep the level of the IFO in the hath aljove that of the citrate soln in the 
flask. When the temp, of the citrate soln has reached Go°, drop into it the filter con- 
taining the residue from the water-soluble P2O5, 13, close the flask tightly with a 
smooth rubber stopper and shake vigorously until the filter paper is rcducaal to a 
pulp, relieving the pressure by momentarily removing the stopper. Return the flask 
to the bath and maintain its contents at exactly 05°. Shake the flask every 5 inin. 
At the expiration of exactly 1 hour from the time the filter and the re.sidue wer(; 
introduced, remove the flask from the bath and immediately filter the contents as 
rapidly as possible thru a Whatman filter paper Xo. 5 or other paper of equal speed 
and retentiveness. It is recommended that filtration be made with suction with 
the use of a Buchner funnel or ordinary glass funnel with a Ft or other cone. Wash 
with H2O at 65° until the volume of the filtrate is about 350 cc, allowing time for 
thoro draining before adding new portions of H2O. If the sample gives .a cloudy 
filtrate, wash with a 5% soln of XHltXftj. Determine the P2O5 in the citrate- 
insoluble residue by one of the following rriethod.s: fl) Dry the filter and its con- 
tents, transfer to a crucible, ignite until all organic matter is destroyed, and digest 
with 10-15 cc of HCl until all phosphate is di.ssolved; (2) transfer the wot filter 
with contents to a 200 cc flask, add .30 35 cc of HXO3 and 5 10 cc of IH '1, and hnil 
until all pho.sphate is dissolved; or f'3) treat the filter aiul its contents as rlirected 
under 8''c) or (d). Dilute the soln to 200 cc, mix well, filter thru a dry filter, and 
proceed a.s directed under 9 or 12. 

(b) A on-acidulated safafdea other than haxic Place 1 g f>f the .sample on a 0 

cm filter paper. Without [irevious washing with HiO, proceed as directed under (a) 
and determine PiOj as dirccte^l urifler 9 or 12. If the subslatice cotitair»s much ani- 
mal matter (hone, fish, etc.), di.ssolvc the residue insoluble in XH4 citrate by one 
of the processes described under 8(c) or (d). 
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17 CITRATE-SOLUBLE PHOSPHORIC ACID- OFFICIAL 

Sul)tract the sum of the water-soluble and citrate-insoluble F2O5 from the total 
to obtain the citrate-soluble P2O&. 

18 DETECTION OF NITRATES -OFFICIAL 

Mix 5 g of the fertilizer with 25 cc of hot 1120, and filter. To 1 volume of this sola 
add 2 volumes of II 2 SO 4 , free from IINOs and oxides of N, and allow the mixture to 
cool. Add a few drops of a concentrated soln of ferrous sulfate in such a manner that 
the fluids will not mix. If nitrates are present, the junction shows at first a purple, 
afterwar(^s a brown, color or if only a very minute quantity is present, a reddish 
color. To another portion of the soln add 1 cc of a 1% soln of NaNOs and test as 
before to determine whether sufficient H2SO4 was added in the first test. 

ORGANIC AND AMMONIACAL NITROGEN ONLY 

Kjeldahl Method — Oficial 

19 KEAGEXTS 

For ordinary w'ork 0.5 N acid is recouimeiided, but in determining very small 
quantities of N 0.1 N acid is recommended. In titrating mineral acids against a 
soln of NI 140 H use cochineal or methyl red as indicator. 

(a) SUirulard hydrochloric acid. — Determine the absolute strength as follow^s; 
Pkelimixarv test: Place a measured portion of the acid to be standardized in an 

Erlenmeyer fla.sk and add an excess of CaCOs to neutralize free acid and a few drops 
of a 10 % soln of K 2 CTO 4 as indicator. Titrate with 0.1 N AgNOs soln and note the 
ex.act quantity retiuired to precipitate the chlorides. 

Fixai. uETERMiXATiox; To a measured portion of the acid standardized 

add from a buret 1 drop in excess of the required quantity of AgNOs soln as deter- 
mined Ijy the ])reliminary test. Heat the mixture to boiling, protect from the light, 
and allow' to stand until the precipitate is granular. Filter on a Gooch crucible, 
previously heated to 140-150'' and weighed; wash with hot H 2 O, testing the filtrate 
to verify an excess of AgNOj. Dry the AgCl at 140-150°, cool, and w-eigh. 

(b) .Standard sidfuric acid.— Determine the strength of the acid by precipitation 
with BaCU soln as follows: Dilute a measured quantity of the acid to be standard- 
ized to approximately 100 cc; heat to boiling; and add, dropwise, a 10% soln of 
Bad 2 until no further precipitation occurs. Continue the boiling for about 5 min., 
allow' to stand for 5 hours or longer in a w'arm place, pour the supernatant liquid 
OR a weighed Gooch crucible or an ashless filter, treat the precipitate with 25-30 cc 
of boiling II sO, transfer to the filter, and wash with boiling H 2 O until the filtrate 
is free from chlorides. Dry, ignite over a Bunsen burner, and w'eigh as BaS 04 . 

(c) Slajidanl alkali soln.— A 0.1 .V soln is recommended. Accurately determine 
the strength of this soln by titration against the standard acid prepared as directed 
under (a) or (b), or proceed as directed under 4,® Appendix 1. 

(d) Sulfuric aefd.— Should contain 93 -96% H2SO4 and be free from nitrates and 

(NH4)2S04. ^ , 

(e) Mdallic mercury, or mercuric oxide.— The mercuric oxide should be prepared 

in the wet way, but not from Hg(N03)2- 

(f) Sulfide, or thiosulfate so/n.—Dissolve 40 g of commercial KS in 1 liter of H 2 O. 
A soln of 40 g of NajS or 80 g of NajSsO^ . SHsO in a liter may be used.* 

(g) Sodium hydroxide so^n.— Dissolve approximately 450 g of commercial NaOH, 
free from nitrates, in 1 liter of H 2 O. This soln should have a sp. gr. of 1.43-1.48. 

(h) Cochmeal indicator.— Digest 3 g of pulverized cochineal in a mixture of 50 cc 
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of 95 9o alcoliol and 200 oc of HjO for 1 or 2 days at ordinary temp., agitating fre- 
quently, and then filter. 

(i) Methyl red indicator . — Dissolve 1 g of methyl red (dimethylarninoazobenzene- 
orthoearboxylic acid) in 50 ec of 95% alcohol, dilute to 100 cc with IDO, and filter 
if necessary. 

Test reagents before using by a blank determination with sugar, which insures 
partial reduction of any nitrates present. 

20 AIUWHATUS 

ta) Kjtidahl jlasks for both digestion and distillation . — Total capacity of about 
550 cc, made of hard, moderately thick, and well-annealed glass. 

ib) Distillation jlask . — I se any suitable flask of about 550 cc capacity, fitted with 
a rubber stoi)per thru wliich passes the lower end of a Kjeldahl connecting bull) to 
prevent XaOH being carried over mechanically during tlie distillation. Use a bulb 
5 or G cm in diameter, and connect the upper end of the bulb tube to the condenser 
tube by means of rubber tubing. 

21 DKTKKMI.VATION 

Place 0.7-3. 5 g, according to the X content of the material to be analyzed, in a 
digestion flask. Add a])proxiniatcIy 0.7 g of HgO, or its etpii valent in metallic Hg, 
and 20-30 cc of IDSOi 0. 1-0,3 g of crvstalliz(Ml ('uSO^ may :i]>o be used in addition 
to the Hg, or in many cases, in place of it). Place the flask in an incline<l ]>()siti()n 
and heat below the boiling point of the acid until frothing has eeased. f.V .small piece 
of parafiin may l)e added to prevent extreme foaming.) Increase the heat until the 
acid boils briskly and digest for a time after the mixture is colorless or m'ariy so, 
or until oxidation is complete approximately 2 hours). 

After cooling, dilute \\ ith about 200 ca* of HsO, and arid few }>ieces of granulated 
Zn or pumice .stone to prevent bumping, and 25 ee of the KAS nr Xa:^ or Xa2S203 
soln with shaking. 'If Xa^SiOj i.s used, it should first bo mixed with the XaOlI so 
that they may be afhlerl together. ^\ hen no Hg or IlgO is used the addition of IV2S 
or XaiS or Xa2S2(>:, soln is unnecessary.) .\dd suffieierit XaDH soln to make the 
reaction strongly alkaline '50 cc is usually sufflcienl), [aniriiig it down the side of 
the fla.sk so that it doe.s not mix at once with the acifi soln. ('onneef the, flask to the 
condeii.ser by mean.s of a Kjeldahl (a)niiecting bulb, taking (‘are tliat the tip of the 
condenser extends l)el()w tin* surface of the stantlard acid in the recoivau; mix the 
contents by .shaking and distil until all XH:, lias j)a.ssed over into a measured (pian- 
tity of the .standard acid. 'The first 150 cc of the distillate g(*nerally contains all the 
XH;.) lilrate with .standartl alkali soln, using the methyl red r>r cochineal indicator. 

C II n ni ng .1/ c//) od- - ( )[li cia I 

22 HEAOENTS AM) APFAIiATLS 

r se the reagent.s and apparatus described under 19 and 20. 

23 DKTKilMlN'ATIO.V 

Place 0. 7-3.5 g, according to the X content of the material to be analyze<J, in a 
digestion flask. Add 10 g of powdcre<i K.2S()^ or anhydrous Xa2f^04 arnl 15 25 cc 
(ordinarily about 20 cc) of H2SO4 (0.1 0.3 g of cry.stallized UuSO^ may also be 
added). Conduct the dige.stion as in the Kjeldahl process, starting with a temp, 
below the boiling point and increasing the heat gradually until frothing ceases. 
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Digest for a time after the mixture is colorless or nearly so, or until oxidation is 
complete (usually 2 hours). Complete as directed under 21, but do not add K 2 S or 
NajS or Na 2 S 203 . In making the mixture alkaline before distilling add litmus paper 
or a few drops of pbenolpbthalein indicator. (The pink color given by phenol- 
phthalein, indicating an alkaline reaction, is destroyed by a considerable excess of 
strong fixed alkali.) 

Kjeldahl-G unning- Arnold M elhod — 0 Jfidal 

24 REAGENTS AND APPARATUS 

Use tire apparatus, reagents, and solus described under 19 and 20. 

25 DETERMINATION 

Place 0.7- 3.5 g, according to Llie N content of the material to be analyzed, in 
a digestion flask. Add 15-18 g of K 2 SO 4 or anhydrous NasSO^, 1 g of CuS04 or 
approximately 0.7 g of llgO for its equivalent in metallic Hg), and 25 cc of the 
II 2 SO 4 . Heat the mixture gently until frothing ceases, then boil briskly, and con- 
tinue the digestion for a time after the mixture is colorless or nearly so, or until 
oxidation is conqdotc (approximately 2 hours). Cool, add about 200 cc of H 2 O, and 
if HgO or metallic Hg has been used, add also 50 cc of the K 2 S or Na^S or Na 2 S 203 
soln. Make strongly alkaline with the NaOH and complete the determination as 
directed under 21. 


TOTAL NITROGEN 

Kjeldahl Method Modified to hiclude the Nitrogen of Nitrates — Official 

26 REAGENTS AND APPARATUS 

Use the apparatus, reagents, and solns described under 19 and 20. 

27 DETERMINATION 

Place 0.7 3.5 g, according to the N content of the material to be analyzed, in a 
Kjeldahl digestion flask, (1) Add 30 cc of the H 2 SO 4 containing 1 g of commercial 
salicylic acid, shake until thoroly mixed, allow to stand for at least 30 min. with 
frequent shaking or until complete soln results, and then add 5 g of crystallized 
Na 2 f^ 2 t )3 and digest as directed below j or, (2) add to the substance 30 cc of H 2 SO 4 
containing 2 g of the salicylic acid, allow to stand at least 30 min. with frequent 
shaking or until complete soln results, and then add gradually 2 g of Zn dust (an 
impalpable powder — gninulated Zn or filings not satisfactory), shaking the contents 
of the flask at the same time, and digest as follows: 

Heat over a low flame until all danger from frothing has passed. Then increase the 
heat until the acid boils briskly and continue the boiling until white fumes no longer 
e.scape from the llask (5-10 min.). Add approximately 0.7 g of HgO, or its equivalent 
in Hg, aiul cotuiinie the boiling until the liquid in the flask is colorless, or nearly so. 
If the contents of the flask are likely to become solid before this point is reached, add 
10 cc more of H2SO4. Complete the determination as directed under 21. Test the 
reagents by blank determinations. 

Cunning Method Modified to Include the Nitrogen of Nitrafes—Official 

28 REAGENTS AND APPARATUS 

Use the apparatus, reagents, and solns described under 19 and 20. 
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29 DETEHMINATION 

Place 0.7-3. 5 g, according to the N content of the material to be analyzed, in a 
digestion flask. Add 30 cc of II2SO4 containing 1 g of commercial salicylic acid. 
Shake until thoroly mixed and allow to stand, shaking frequently, for at least 30 
min., or until complete soln results. Add 5 g of NajSsOa and heat the soln for 5 rain.; 
cool, add 10 g of K2SO4 or anliydrous Na2S04, heat very gently until foaming ceases, 
and proceed as directed under 23. 

AMMONIACAL NITROGEN 

30 Magnesium Oxide Method— Ojjicial 

Place 0.7- 3.5 g, according to the NHa content of the material to be analyzed, in a 
di-stillation flask with about 200 cc of II2O and 2 g or more of MgO free from car- 
bonates. Connect the flask with a condenser by means of a Kjeldahl connecting 
bulb, distil 100 cc of the liquid into a niea.sured quantity of standard acid, and ti- 
trate with standard alkali, using cochineal or methyl red indicator, 19(h) and (i). 

NITRATE AND AMMONIACAL NITROGEN 

31 Reduced Iron Method — Official 

( Applicable in the presence of organic matter, but not in the presence 
of calcium cyanamide and urea.) 

Place 0.7 or 1 g of the sample in a 500 cc flask, add about 30 cc of 11 2O ami 2 3 g 
of reduced Fe, and allow the mixture to stand sufriciently long to insure sola of the 
soluble nitrates and XH4 salts. .\d(l 10 cc of H2SO4 (1 r 1) and shake thoroly. Place 
a long-stemmed funnel in the neck of the fia.-k to prevent mechanical io.'^s, and allow 
to stand until the violence of the reaction ha.s nuxleratcd. Heat thc.'^olii slowly, l)uii 
for 5 min., and cool. .\dd about 100 cc of H2O, a little parafliii, and 7 10 g ef .MgO, 
free or nearly free from carbonate.^. Hy means of a Kjehlahl connecting bulb connect 
the flask with a condenser, such as is usf'd in the Kjehlahl mctliod, and boil the 
mi.xture nearly to dryness about 40 min.); collect the N IK in a measured cjuantity 
of standard acid and titrate with stanciard alkali soln, using cochineal or methyl red 
indicator, 19fh) and d). The N obtained rej)resents the nitrate.s i)lus the XII 4 salts 
contained in the .sample. 

In the analysis of nitrate .salts procecMl as above, but use 25 cc of tlie nitrate .soln, 
equivalent to 0.25 g of the sam])le, with 5 g of reduced F(a .After lu)iiit)g, add 75 rr 
of H2O and an excess of XaOU soln ami complete tlie determination as direiHcd 
above. 

32 Ferrous Sulfate-Zinc-Soda Method — OJficial 

(Xot applicable in the presence of organic matter, calcium cyanamifle and urea.) 

Place 0.35, 0.5, or 0.7 g of the .sample in a 000 700 er flask and .add 200 cc of 
HjO, 5 g of powdered Zn, 1 2 g of ferrous sulfate, and 50 cc of Naf)Il soln (sj), gr. 
1.33). Connect with the distilling apparatus, distil, collect the distillate in tin*, usual 
way in 0.1 .V Hj804, and titrate with stamlard alkali, using cochitjeal nr methyl red 
indicator, 19(h) and d). 

33 iJevarda Method'^- (Ijficinl 

(Not applicable in the jjresence of organic matter, (Mlcium cyanamide and urea.) 

Place 0.5 g of the sample in a 000 ^OO cc flask and add 300 cc of HjO, 3 g of 
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Devarda alloy and 5 cc of NaOH soln (42% by weight), pouring the latter down 
the side of the flask so that it does not mix at once with the contents. Connect, by 
means of a Davisson® or other suitable scrubbing bulb that will prevent the passing 
over of any portion of the spray, with a condenser, the tip of which always extends 
beneath the surface of the standard acid in the receiving flask. Mix the contents of 
the distilling flask by rotating. Heat slowly at first and then at such a rate that the 
250 cc of distillate required will pass over in 1 hour. Collect the distillate in a 
measured quantity of standard acid, 19(a) or (b), and titrate with standard alkali 
soln, 19(c), using cochineal or methyl red indicator, 19(h) or (i). 

NITRATE NITROGEN 

34 Robertson Method^ — Official 

(Applicable in the presence of calcium cyanamide and urea.) 

(a) Determine the total N as directed under 27 or 29. 

(b) Weigh out 2.0 g of the fertilizer mixture on a filter, wash with H 2 O to nearly 
200 cc in a graduated flask, and make up to volume. If the fertilizer mixture is 
greasy or does not wet easily, moisten the sample with 7 cc of ethyl alcohol and con- 
tinue the washing to nearly 200 cc. Determine the N in the residue as directed under 
21, 23, or 25. 

(c) Determine the ammoniacal N in 50 cc of the filtrate as directed under 30. 

(d) Place another 50 cc portion of the filtrate in a 500 cc Kjcldahl flask and add 2 
g of ferrous sulfate and 20 cc of H0SO4. (If the total N is over 5%, use 5 g of ferrous 
sulfate.) Digest over a hot flame until all the H 2 O is evaporated and white fumes 
appear and continue the digestion for at least 10 min. to drive olT the nitrate N. If 
severe bumping occurs, add 10-15 glass beads. Add 0.65 g of Hg or its equivalent of 
HgO and digest until all the organic matter is oxidized. Cool, dilute, add the KjS 
soln, and complete the determination as directed under 25. (A pinch of a mixture 
of Zn dust and granular Zn (20-mesh) should be added to each flask before distilla- 
tion to prevent bumping.) 

Total N (a) -water-insoluble N(b) = water-soluble N. Water-soluble N— the N 
obtained in (d) =the nitrate N. 

Ammoniacal N { nitrate N = mineral N. Tot.al N — mineral N =orgaiiic N. 

35 Jones Modification of the Robertson Method 
(Applicable when a determination of water-soluble nitrogen is not needed.) 

Weigh 0.5 g of the sample into a Kjeldahl flask. Add 50 cc of H 2 O and rotate 
gently; then add 2 g of ferrous sulfate and rotate. Add 20 cc of H 2 SO 4 . Digest over 
a hot flame. When the II 2 O is evaporated and white fumes appear, add 0.65 g of 
Hg and proceed as directed under 21. Cool, dilute, and distil as usual. The total 
N — the N thus found = the riitrate N. 

36 WATER-INSOLUBLE NITROGEN IN CYANAMIDE if^OFFICIAL, FIRST ACTION 

Weigh 2 g of the finely ground cyanamide and place in a mortar. Gradually add 
about 70 cc of distilled H 2 O while stirring with the pestle and grind thoroly. 
Transfer the mixture to a beaker, washing out the mortar with distilled H 2 O. Filter 
on a 11 cm filter paper. When all the cyanamide has been transferred to the paper, 
wash with an additional 250 cc of distilled H 2 O, allowing time for complete drainage 
before adding more H 2 O. Remove the filter paper and residue to a digestion flask. 
Determine the insoluble nitrogen in the residue as directed under 21, 23, or 25. 
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NITROGEN ACTIVITy 

37 Deter yninaiion of Water-Insoluble Orga?iic Xitrogen- OJficial 

Place 1 or 1.4 g of the material on an 11 cm filter paper wet with alcohol and wash 
with H 2 O at room temp, until the filtrate measures 250 cc. If the material is oily or 
does not wet readily with H 2 O, wash with 5 cc of alcohol and then with the requisite 
quantity of H 2 O. Dry, and determine N in the residue as directed under 21 or 23, 
making a correction for water-insoluble N of the filter paper, if necessary. 

38 Removal of Water-Soluble Xitrogen — Official 

(a) Mixed Fertilizers, — Place the quantity of fertilizer equivalent to 50 mg of 
water-insoluble organic X, 37, on an 11 cm filter paper wet with alcohol and wash 
with H 2 O at room temp, until the filtrate measures 250 cc. If the material is oily 
or does not wet readily with H 2 O, wash with 5 cc of alcohol and then with the 
requisite quantity of H 2 O. W hen it is found necessary to use 4 g or more of the 
material, weigh the required quantity into a small lieaker, wet with alcohol, wash 
by decantation, finally transfer to the filter, and finish the extraction as directed 
previously. 

(b) Ran- Materials. — -Place the quantity of material equivalent to 50 mg of water- 
insoluble N, 37, in a small mortar; add about 2 g of powdered rock pbosphale, mix 
thoroly, transfer to a filter paper wet with alcohol, and wash with H 2 O at room 
temp, until the filtrate measures 250 cc. If the material is oily or does not w’ot 
readily with HaO, wash with 5 cc of alcohol and then with the requisite quant it v 
of HaO. 


39 Water-Insoluble Organic Xitroge7i Soluble in Xeutral Pen/tanganate — Offiicinl 

Using 25 cc of tepid H 2 O, transfer the insoluble residue obtained in 38 to a 400 cc 
Griffin low-form beaker; add 1 g of XaiC'Os, mix, and add 100 cc of a 2 be ^oln of 
KMnOe. Cover with a watch-glass and immerse for 30 min. in a steam nr hot water 
bath, keeping the liquid in the beaker below that rjf the IGO in the l)uth. Stir twice 
at intervals of 10 min. At the end of 30 min. remove from the l)ath, add iinmedi.alely 
100 cc of cold H 2 O, and filter thru a heavy 15 cm folded filter. W'ash with small 
quantities of cold H 2 O until the filtrate measures about 400 cc. Determine X in the 
residue and the filter, as directed under 21 or 23, correcting for the X" cnntainerl in 
the filter. The X" thus obtained is the inactive water-insoluble organic X. 'Die X 
obtained under 37— the percentage of X found =the water-insobible organic X 
soluble in neutral permanganate. 

Water -Insoluble Organic Xitrogen Distilled froffi Alkaline 
Permanganate} ’ — Off dal 

40 REAOF.N'TS 

(a) Stock soln of potassium })ermangnnate. — Dissolve 50 g of K^^nO^ in a liter of 
HjO. Di.ssolve 0.5 g of Xa oxalate in 300 cc of H 2 O and 10 cc of 1 I 2 S 04 . Heat to 
75- 80'^ and titrate with the KMnO* soln, using a Mohr pipet or an all-glass b\iret 
to contain the permanganate soln. 235.80 -^by the result of the titration in cc=the 
concentration of KMnO^ in g per liter. Adjust the concentration to 50 g per liter, 
protect from the light, and store at a temp, above 15^. 

fb) Stock soln of .sodium hgdroxvle. Dissolve 300 g of NaOH in 1 liter of 1120 . 

Cool before using. 

(c) Alkaline permanganate soln. — Mix equal quantities of the stock solns (a) and 
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(b) and add 10 cc of H2O for each liter of solii that the mixture is calculated to make. 
Use this soln immediately, as it is unstable. 

41 DETERMINATION 

Dry the residue remaining after treatment of the material as directed in 38 at a 
temp, not exceeding 80“ and transfer from the filter to a 500-600 cc Kjcldahl dis- 
tillation flask, loosening adhering particles by rubbing gently with a stiiT brush but 
avoiding the transfer of portions of the brush or of paper fibers. Add 20 cc of H2O, 
15-20 small glass beads or fragments of pumice stone, a drop of mineral lubricating 
oil weighibg not more than 50 mg, and 100 cc of the alkaline permanganate soln. 
Connect with an ujiright condenser to the lower end of which has been attached a 
100 cc graduated cylinder containing standard acid and so arranged as to receive 
the distillate below the surface of the acid or otherwise trapped so as to prevent loss 
(»f NH3 fumes. Digest slowly with a very low flame for 30 min., barely below dis- 
tillation point, using coarse wire gauze and asbestos paper between the flask and 
flame. Gradually raise the temp,, and after all danger from frothing has passed 
distil 95 cc in 60 min. (plus or minus 5 min.), controlling the distillation to obtain 
approximately 24 cc of dislillate in each 15 min. period. Conduct the first part of 
the distillation over a bare flame but use wire gauze 10 min. before completion to 
avoid breaking the flask. Transfer the distillate to an Erlenmeyer flask or to a beaker 
and titrate with standard alkali, using cochineal or methyl red indicator. When a 
tendency to froth is noticed, lengthen the digestion period, and no trouble will be 
experienced when the distillation is begun. During the digestion gently rotate the 
flask occasionally, particularly ^if the material shows a tendency to adhere to the 
sides. 

The X thus ul)taincd is the active water-insoluble organic Xb if active water- 
insolui)le N is found to be less than 55% of the total water-insoluble organic N 
present, it is recommended that a second portion of the sample he prepared as 
directed under 38 . Dry the residue below 80“ , transfer from the h\ter to alCje\dah\ 
flask as directed above, and determine the X as directed under 21 or 23 . Recalculate 
the percentage of active water-insoluble X on the basis of the quantity of water- 
insoluble X thus found. 

Previous to digestion with alkaline permanganate, the washed sample may be 
transferred from the Alter to the flask by spreading the filter on a metal disk bent to 
form a trough that fits the palm of the hand, brushing the larger ])ortioii of the ma- 
terial into the flask with a spatula, and washing in the remainder with 20 cc of H2O 
from a 20 cc ])i]»et or small wash bottle. Do not add more H/) before the digestion 
with alkaline ])ermanganate, but, with this exception, proceed as with the transfer 
of the dried material. 

POTASH 

Method I . Lindo-Gladding'^''- — Oficial 
42 UEACiENTS 

(a) Ammonium chloride se/a.— Dissolve 100 g of XH4CT in 500 cc of UsO, add 
5 -10 g of pulverized KnPtChi and shake :it intervals for 6 -8 iiours. Allow the mix- 
ture to .settle overnight and filter. ['Vh? residue may be used for the preparation of 
a fresh supply.) 

(b) Plaiinum soln-. — A Pt soln euntaining the ecpiivalent of I g of metallic Pt 
(2.1 g of U2PtClfi) in every 10 cc. For materials containing less than 15% of K2O, 
a Pt soln containing 0.2 g of metallic Pt (0.42 g of IRPtCIe) in each 10 cc is 
recommended. 
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43 PREPARATION OF SOLUTION 

(a) Mixed fertilizers. — Place 2.5 g of the sample in a 250 cc volumetric flask, and 
add 125 cc of H2O and 50 cc of saturated NH* oxalate soln. Boil for 30 min., add a 
slight excess of NH4OH, and after cooling dilute to 250 cc, mix, and pass thru a 
dry Alter. 

(b) Potash salts: muriate and sulfate of po^as/i, sulfate of potash and magnesia; and 
kaimt. — Dissolve 2.5 g and dilute to 250 ce without the addition of NH4OII and 
NH* oxalate. When substances that interfere, such as ammonia, lime, aluminum, 
etc., are present, proceed as directed in (a). 

(c) Orga?iic compounds. — To determine the total amount of K^O in organic sub- 
stances, such as cottonseed meal, tobacco stems, etc., saturate 10 g of the sample 
with H2S()4 and ignite in a muffle at a low red heat to destroy organic matter. .Add 
a little HCl, warm slightly in order to loosen the mass from the dish, transfer to a 
500 cc volumetric flask, add XH4OH and saturated NH4 oxalate soln, cool, dilute 
to 500 cc, mix, pass thru a dry Alter, and proceed as directed under 44(a). 

(d) wood, cotton hulls, etc. — Boil 10 g of the sample with 300 cc of H2O 
for 30 min., and add to the hot soln a slight excess of XII4OU and then suflicient 
saturated XII 4 oxalate soln to precipitate all the lime present, (’ool, dilute to 500 cc, 
mix, and pass thru a dry filter. 

44 DETERMINATION 

(a) Mixed fertilizers. — Evaporate nearly to dryness a 25 or 50 ce aliquot of soln 
43:a) to which has been added suflicient potash-free normal XaOU (1 2 cc) to 
prevent the formation of free phosphoric acid during ignition; add 1 cc of H28O4 
(T-i-l) and O-S granules of granulated sugar, evaporate to dryness, and ignite to 
whiteness at low temp. Maintain a dull red heat until the residue is perfectly while. 
Dissolve the residue in hot HjO, using at least 20 cc for each decigram of K2O 
present, and add a few drops of H(’l and then an excess of the Pt soln. Evaporate 
on a water bath to a thick paste, avoiding exposure to XII3. Treat the residue with 
approximately 6 cc of 80% alcohol, adding 0.6 cc of IK'l. Filter on a (looch crucible 
and wash the precipitate thoroly with 80% alcohol, both l)y decantation and on the 
filter, continuing the washing after the filtrate is colorless. Then wash 5 or 6 limes 
with 10 cc portions of the XH4('l soln to remove impurities from the precipitate. 
Wash again thoroly with 80% alcohol and dry the preeijntate for 30 min. at U)0“, 
Weigh and calculate to K2O. ('The precipitate should be comjiletely solulde in 
water.) 

fb) Muriate of jfotash. — Acidify 50 cc of the soln prepareii according to 43(b) 
with a few drop.s of HCl, add 10 cc of the Pt soln, and evaporate to a thick paste. 
Treat the residue as directed under (a). If XIEOH and XH4 oxalate arc used in the 
preparation of this soln, proceed as directed in ia). 

(c) Sulfate of potash, sulfate of potash and magnesia, arid kainii. — .Acidify 50 cc of 
the soln prepareii according to 43(b) with a few dro])S of IK'l and add 15 cc of the 
Pt soln. Evaporate the mixture and proceed as directed under (a), but use 25 ce 
portions of the XH 46'! soln. If X IKDH and XH 4 oxalate are used in the preparation 
of this soln, proceed as directed in fa) but use 25 cc portions of NIIA'l soln, 

fd) Ashes from v:ood, cotioti hulls, efc. --Prepare the soln according to 43(d) and 
proceed as directed under fa), paying special attention to the last sentence. 

For the conversion of KzPtCh to KCl use the factor 0.3001; to K2S04, 0.35843; 
to K2O, 0.19376. 
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Method n — Ojficial 

(In the presence of soluble sulfates use preferably Method 1.) 

45 REAGENTS 

Use the reagents described under 42. 

46 PREPARATION OF SOLUTION 

Prepare the soln as directed under 43(b), omitting in all cases the addition of 
NH4OH and NH4 oxalate. 

47 DETERMINATION 

Dilute 25 cc of the prepared soln (50 cc if less than 10% of K2O is present) to 
150 cc; heat to 100"^; and add, drop by drop, with constant stirring, a slight excess 
of a 10% BaCU soln. Without filtering, add in the same manner an excess of a 
saturated soln of Ba(OH)2. Filter while hot and wash until the precipitate is free 
from chlorides. Add to the filtrate 1 cc of NH4OH, and then a saturated soln of 
(XH4)2C03 until the excess of Ba is precipitated. Heat, and add, in fine powder, 
0.5 g of pure oxalic acid or 0.75 g of NH4 oxalate. Filter, wash free from chlorides, 
evaporate the filtrate to dryness in a Pt dish, and ignite carefully over the free 
llame below a red heat until all volatile matter is driven off. Digest the residue with 
hot H2O, filter thru a small filter, and dilute the filtrate, if necessary, to provide for 
each decigram of K2O at least 20 cc of liquid. Acidifj^ with a few drops of HCl and 
add an excess of the Pt soln. Evaporate on a water bath to a thick paste; treat the 
residue repeatedly with 80% alcohol, decanting thru a weighed Gooch crucible or 
other form of filter, transfer the precipitate to the filter, and wash thoroly with the 
80% alcohol. Dry for 30 min. at 100° and weigh. If there is an appearance of foreign 
matter in the double salt, wash as directed under 44(a) with several portions of 10 cc 
each of the NH4('l soln. 

WATER-SOLUBLE BORIC ACID ‘J— OFFICIAL 

48 REAGENTS 

(a) Standard sodium hydroxide sofn.—Prepare this soln free from carbonates by 
first making a saturated soln (100 g of NaOH in 100 cc of H2O) in order to precipi- 
tate any NajCOs present when the soln is allowed to stand in a vessel from which 
the CO2 of the air is excluded. Filter thru a hard filter that has been soaked in al- 
cohol, dilute a portion with boiled and cooled 11 2O to about 0.1 N, and accurately 
determine the strength of the soln by titration, as directed under 49(a), against 
0.1 N boric acid soln. 

(b) Methyl red indicator . — Dissolve 0.1 g of methyl red in 50 cc of 95% alcohol, 
dilute to 1 liter, and filter, if necessary. 

49 DETERMINATION 

(a) Mincrat salts. — Dissolve 5-10 g of the sample in 50-75 cc of hot H2O, decom- 
posing carbonates, if present, with a slight excess of II Cl; heat to boiling and add 
sufficient 10% BaCl2.2H20 soln to precipitate the sulfates, using about 10 cc in 
excess. Add in small quantities sufficient powdered Ba(OH)2 to make the soln 
alkaline, avoiding a large excess; boil for about 5 min., or until any NHs present has 
l)een expelled; filter, wash into a 300 cc tiask, and make acid with HCl, using an 
excess equivalent to a few cc of O.l soln. Boil for 15 min. to expel CO 2, cool by 
placing the liask in cold HjO, and bring to neutrality by first adding 4 or 5 drops 
of the methyl red indicator and then the standard NaOH soln until the color of the 
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soil! changes from pink to yellow. If the neutral point has been exceeded, or if there 
is any doubt as to this, restore the pink color by adding a few drops of approxi- 
mately 0.1 -V HCl and change the color to yellow again with the minimum quantity 
of the standard NaOH soln. Add 1-2 g of neutral mannitol (mannitc) and a few 
tenths of a cc of phenolphthalcin indicator, 10(d), note the buret reading, and again 
titrate the solii with the standard NaOH soln until a pink color develops. Add a 
little more mannitol and if the pink color disappears continue the addition of the 
standard alkali until it reappears. Repeat this procedure until the addition of man- 
nitol ha.s no further action on the end point. (If the content of boric acid in the soln 
titrated is low, one addition of mannitol is usually sufficient.) From the volume of 
the standard alkali required in the titration after the addition of the mannitol, 
corrected for the volume required when running a blank, calculate the quantity of 
borax in the sample. 1 cc of 0.1 .V NaOH soln = 0.0002 g of boric acid, or 0.00503 g of 
anhydrous borax. 

\Mien an acid soln of the sample gives no precipitate upon the addition of a soln 
of CaClc and sufficient NH4OH to give an alkaline reaction, phosphates and Fe 
and A1 salts are absent, and that portion of the determination which involves treat- 
ment with BaCh and Ba(OH)2 for the removal of these constituents may be omitted. 

(b) Mixc(f fertilizers and organic compou nds.—Woigh 5 g of the sample into a 250 
cc beaker, add 50 cc of hot tliO, cover with a watch-glass, dige.st for 15-20 min. on 
a water bath, filter, and wash into another beaker of the same capacity. Heat the 
filtrate to boiling and add 15 cc of 10% Bari2.2Tl20 soln followed without undue 
loss of time by sufficient powdered Bai'OH)^ to give an alkaline reaction as indicated 
by phenolphthalein; boil for about 5 min. (gently to prevent frothing over), filter, 
and wash. Or, if preferred, make up to the mark in a volumetric flask and take an 
aliquot. Evaporate the filtrate or aliquot to dryness in a lb or ])orcelain disband 
ignite the residue ' preferably in a muffie furnace at a temp, just below redness) until 
the organic matter is com])letely carbonized. Treat the ignited residue with liot 
H2O, make .slightly arid with H('l, heat nearly to boiling, make alkaline again with 
a slight excess of Ba OHjo, and filter into a 300 cc flask. Acidify with II (1 (1+9), 
using an exce.ss equivalent to a few cc of a 0.1 X soln, boil to expel OO2, and titrate 
as directed under fa). 

If the BafOH). ha.s been added only in slight excess there is a tendency for the 
filtrate to become acid tluring evaporation with a possible loss of borax. It is im- 
portant, therefore, that the soln he kept alkiiline, by repeated additions of Ba(OH)2, 
if nece.ssary, until the evaporation is completed. 

If the fiitrate from the BaClrBa(<>H precipitate is titrated in this determina- 
tion before the soluble organic' matter is destroyed, tlie end ])oints in the titration 
will usually be too indefinite to give accurate results. The ]>ur]jose in eva])orating 
the filtrate and igniting the residue, therefore, is to get rid of soluble organic con- 
stituents which interfere with the titration. When the sarnj)le contains a relatively 
high boric acid content, in excess of fl.-Vcj «<' smaller sample may be taken ,‘ind the 
quantity of organic matter pre.S(Mit may tlieii be too small to interfeia^ .seriou.slv 
with the sharpness of the onrl points rhiring the titration. When such is the case, l)oil 
the soln after the adflilion of the Ba(OHj2 until any NHr: present lias been exjielled. 
Omit evaporating the filtrate from the lhiCl2-Ba(OH)2 precipitate, \(U\ to the 
filtrate an excess of HCl equivalent to a few cc of a O.l X soln, boil to expel CO?, 
and titrate as directed under (aj. 

ACID-SOLUBLE BORIC ACID^ OFFICIAL 
50 ACl’AUATUS 

The apparatus’" consi.sts of two 200 cc round-bottomed flasks, a Liebig condenser, 
and a 200 cc Erlenmeyer receiving flask. One of the round-holtomed flasks, No. 2, 
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has a rubber stopper with two holes. Thru one hole passes a glass tube running to 
the bottom of the flask; thru the other hole passes a short tube leading to the con- 
denser. The other flask, No. 1, is fitted with a perforated rubber stopper and a short 
bent tube connected by rubber tubing with the long tube in flask No. 2. The whole 
apparatus is supported by clamps and rings on two stands. 

51 DETEHMINATIO-V 

If the material to be examined is a mixed fertilizer or contains less than the 
equivalent of 2% of anhydrous borax, w^eigh 5 g into flask No. 2; if the material 
contains much more than 2%, use 2 g. Add 5 cc of 85% 1I3P04 and 20 cc of methyl 
alcohol and connect the flask with the condenser. Add 100 cc of methyl alcohol 
(at least 95%) to flask No. 1, which is set in a water bath and connected with flask 
No. 2. Place the receiving flask in position at the end of the condenser and apply 
sufficient heat to the water bath to keep a steady flow of bubbles of the methyl 
.alcohol passing thru flask No. 2. Also apply some heat to flask No. 2 to keep the 
volume at about 25 cc. Continue the distillation until 100 cc of distillate is obtained 
(about 30 min.). When distillation is complete, add 2 or 3 drops of plienolphthalein 
indicator, 10(d), to the distillate and 5-10 cc of 0.1 A' NaOH, or enough to give it a 
permanent pink color. Stopper the flask, shake well, and connect at once with a 
condenser by means of a Hopkins or similar bulb. Using a water bath (not a gas 
l)urner), distil off the alcohol and save for another determination. Transfer the 
residue, which should be not less than 10 cc, to a Pt or porcelain dish, using as little 
II 2O as possible, and evaporate to dryness on a steam or water bath. When dry, 
ignite below redness, then acidify with a few drops of approximately 1 K HCl, add 
20 25 cc of H2O, and warm for 1-2 min. on a steam bath. Filter into a small flask, 
thoroly wash, dilute to about 50-75 cc, attach to an air-cooled condenser, and boil 
gently for a few min. to remove CO2. .Add 3 or 4 drops of methyl red indicator, 
48(b), and then 0.1 X NaOH until the red color just disappears. Add about 1 g of 
mannitol, or less if but a small amount of boron is present. (At this point, if boric 
acid is present, the solii will take on a pinkish color; the depth of color depends on 
the quantity present, 0.01 or 0.02% usually being sufficient to give the color if the 
soln has been carefully neutralized with the NaOH soln.) Then add 2 or 3 drops of 
the phenolphthalein indicator and titrate the soln with the 0.1 N NaOH. Test the 
reagents by a blank determination. (If the NaOH is free from CO2 the blank should 
not be more than 0.2 cc.) Calculate to boric acid or anhydrous borax as directed 
under 49(a). 

CHLORINE!*— OFFICIAL 

52 REAGENTS 

(a) Standard silver 7uirale soln . — Dissolve about 5 g of pure recrystallized AgNOa 
in H2O and dilute to 1 liter. Standardize against pure, dry NaCl and adjust so that 
1 cc of the suln — 0.001 g of Cl. 

(b) Polassiuni chmmaie indicator . — Dissolve 5 g of K2CTO4 in 100 cc of H2O. 

53 DETERMINATION 

Place 2.5 g of the .sample on an 11 cm filter paper and wxish ivith successive por- 
tions of boiling IDO until the washings amount to nearly 250 cc, collecting the 
filtrate in a 250 cc volumetric flask. Cool, dilute to the mark with H2O, and mix 
well. Pipet 50 cc into a 150 cc beaker, add 1 cc of the K2Cr04 indicator, and titrate 
with the AgNOj soln until the color produced by Ag2Cr04 appears as a permanent 
red. 
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54 TOTAL MAGNESIA'"— TENTATIVE 

Weigli 1 g of sample into a 250 cc beaker, and cover. Add 10 cc of HCl and 30 cc 
of HNO3 and boil gently for 30 min. Remove the beaker from the source of heat, 
cool, add 6 cc of H2SO4 (1 + 1), remove the cover, and evaporate until white fumes 
appear. Cool slightly, wash down the inside surface of the beaker with a jet of HjO, 
and again evaporate until fumes of H21SO4 appear. Cool, add 10 cc of H2O, stir 
thoroly, and digest on the steam bath for 10-15 min. Remove from the steam bath, 
add 100 ml of 95% alcohol, stir so that the CaSO^ is well dispersed thruout the 
liquid, and allow to stand for 2 hours or longer. Filter by means of suction thru a 
tight plug of filter paper pulp, using a Gooch crucible, and wash 5 times Vi th 5 cc 
portions of 95% alcohol containing 1 cc of H2SO4 per 100 cc. 

Evaporate the alcoholic filtrate as far as possible on the steam bath. Transfer the 
soln to a 250 cc Erlenmeyer flask, dilute to 75-100 cc, and add 2 g of citric acid and 
10 cc of a 25% soln of (Nll4)2HF04. Add XIGOII until the soln is alkaline to litmus 
and then add 10 cc in excess. Add 5-10 glass beads, tightly stopper the flask, and 
shake on a shaking machine for at least 1 hour. Allow to stand in a cool place for 
4 hours, or preferably overnight. Filter thru a tight paper containing a little paper 
pulp, and wash with NH4OH (5 + 95), containing 50 g of (N 114)211 PO4 i>er liter, 
until the precipitate and paper are free from Fe and Al. Pass 25 mi of hot HGl 
( 5 +95) thru the paper into the flask, transfer the soln to a 250 cc beaker, and wash 
the paper and flask thoroly with more of the diluted acid. To the soln in a volume 
of 50-75 cc and containing no glass beads, add 0.5 ml of a 25% soln of (Xn4)zIlP04, 
cool, and then add XH4OH slowly and with stirring until the soln is alkaline to 
litmus. Stir for a few minutes, then add 3-1 cc of NIGOlt and allow to slatid for 
4 hours or overnight. Transfer the precipitate to a small filter or filtering crucible 
and wash with XI+OH (5 + 95). Ignite slowly in a crucible at a temp, below 900'’ 
until the C is burned ^preferably in a muffle furnace with pyromctric control), and 
then at about 1,100" for 1-2 hours. Cool, and weigh. 

The residue consi.sts of Mg2P207 and possibly MuzPoOr and Ca3(P04)2. If the 
alcoholic filtrate is clear, the Ca3(P04)2 will not exceed 0.3 mg and can be neg- 
lected. Correct for Mn as follows: Dissolve the residue in 10 cc of H2HO4 (1 +9), 
transfer the soln to a 250 cc Erlenmeyer flask, and add 50 cc of HX^Oj (1 -f ^), 2 cc 
of siruj)}- H3PO4 is.p. gr. 1.7), and 0.2 g of KIO4. Boil for 15 -20 min., cool, and dilute 
to a convenient volume. In another flask containing the siirrie amounts of the 
reagents treated in a similar way, match the color by adding a standard soln of 
KMn04, or compare with a standard .soln of KM11O4 in a colorimeter. From the 
volume of the soln of permanganate required, or the reading of the colorimeter, 
calculate the weight of MnzPzU: in the residue. Subtract this weight from the total 
weight, and regard the dilTereiice as MgzPzO;, which contains 3(i.21 % of MgO. 

ACID-FORMING OR NON-ACID-FORMING QUALITY!' -TENTATIVE 

55 UK AGE. NTS 

(a) Methj/l red indicator. — 0.2% soln. Dissolve 1 g of the dye in 300 cc of 05% 
alcohol and dilute to .500 cc with H2O. 

(b) Xa2CO3-sucro.se soln. — Di.ssolve 106 g of anhyjlrous Xa2C03, or 286 g of 
XajCO,?. HzO, and 50 g of sucrose, in JI2O. Make to a volume of 1 liter. Pi pet 10 cc 
into a 250 cc Erlenmeyer flask, add 30 co of normal IICl soln carefully, and boil 
gently for a few minute.s to remove (102. Titrate with normal XaOH to the first 
color change of methyl red indicator. The difference between the volumes of stand- 
ard acid and base used is the blank for the soln. 
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56 DETERMINATION 

If the fertilizer mixture, ground as directed under 2, contains less than 30% as 
the sum of the percentages of total N, available P2O5, and water-soluble potash, 
weigh I g of the mixture into a 100 or 150 cc porcelain or Pyrex glass beaker. If the 
sum of these percentages is 30 or more, use 0.5 gram, and for salts of Na or K 
use 0.25 g. With a pipet or buret add 10 cc of the NaaCOa-sucrose soln, and mix 
thoroly with the fertilizer, except for unmixed nitrate salts. For these, substitute 
0.25 g of carbon black for the sucrose. Place in a sand bath to the depth of the 
mixture in the beaker and evaporate to complete dryness. Place the beakers in a 
furnace heated to approximately 250°, and raise the temp, gradually to 500 600° 
(dull red). Hold at this temp, for 1 hour. (It is not necessary that all carbon be re- 
moved.) Remove the beaker and allow to cool. Add 50 cc of H20, cover with a 
watch-glass, and add 30 cc of nojioal HCl thru the lip of the beaker. After effer- 
vescence ceases, place the covered beaker on a hot plate or steam bath and maintain 
just below the boiling point for 1 hour. Filter the soln thru a disk of filter paper, or 
a pad of asbestos that has been digested with normal HCl and washed free from 
acid with HjO, using a Gooch crucible and suction. Wash with hot H2O. To the 
entire clear filtrate, ai)proxiinately 100 cc, add 10 drops of the methyl red indicator, 
and titrate to the first change in color, orange-pink. (In determining this end point 
a duplicate soln of the fertilizer ash displaying the maximum acid color for this 
indicator may be used as a comparison to determine the first change. The titration 
is conveniently carried out on a white porcelain plate and by using an artificial 
daylight bulb placed at a convenient angle above and back of the porcelain plate.) 

Subtract the cc of normal NaOH used in the titration from the cc of normal 
HCl added. From the difference subtract algebraically the blank caused by the 
NaoCOs-sucrose soln. For a 1 g sample multiply the result by 100; 0.5 g sample, by 
200; 0.25 g sample, by 400. Positive values represent the excess base in the ash in 
pounds of CaCOa equivalent per ton of fertilizer. Negative values represent excess 
acidity in the same terms. 

Determine total N ns directed under 27 or 29. Multiply the percentage of N by 
35.7. This is considered to ])e the acid-forming power of the X in terms of pounds 
of CaCOs equivalent per ton of fertilizer, and is given a negative sign in calculating 
the net acid-base balance. 

Determine the citrate-insoluble P2O5 as directed under 16. The percentage 
found, multiplied by 28.2, is the alkalinity equivalent to 2 of the 3 Ca atoms of 
Cn.j(P04)2 expressed in terms of pounds of CaCOs equivalent per ton of fertilizer. 
Correct the net balance for the fertilizer for this basicity, assumed to be relatively 
inactive in the soil, by giving the value a negative sign. 

The algebraic sum of the acid-base balance of the ash and the corrections for N 
and citrate-insoluble P2O0 is the net balance of the fertilizer expressed as pounds 
of CaCOs equivalent per ton. If negative, the fertilizer is considered acid forming: 
if positive, it is considered non-acid forming. 

THOMAS OR BASIC SLAG 

57 MECHANICAL ANALYSIS— OFFICIAL 

Proceed as directed under 3, using 10 g of material. 

58 PREPARATION OF SAMPLE— OFFICIAL 

Proceed as directed under 2. 
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TOTAL PHOSPHORIC ACID 

Gravimetric Method — Official 

59 PREPARATION OP SOLUTION 

Proceed as directed under 8(b), or use HCl alone. In the latter case, measure out 
the portion for analysis, add 3-5 ce of HNO3, and heat for a few min. 

60 DETERMINATION 

Dehydrate an aliquot (,20 cc) of the prepared soln by evaporating to dryness on 
a steam or hot water bath; treat with 5 cc of HCl and 25 cc of hot H2O, digest in 
order to complete the soln, and filter off SiOs- From this point proceed as directed 
under 9. Before precipitating with magnesia mixture, add 5 cc of a 5% Na acetate 
soln. 

61 Volu m e t ri c Method — cagI 

Prepare the soln as directed under 8(b) and determine the P20a in an aliquot of 
this soln as directed under 12, standardizing the solus against a standard phosphate 
material of approximately the same comy)osition as the sample uiulcr examination. 

CITRIC ACID-SOLUBLE PHOSPHORIC ACID 

Gravimetric Method — Official 

62 PREPARATION OF SOLUTION 

Weigh 5 g of the slag, prepared as directed under 2, into a 500 cc ^^agncr flask 
containing 5 cc of alcohol. <The neck of the flask should have a width of at 
least 22 mm, and the graduation marks should be at least S cm below the mouth.) 
Make up to the mark with '2% citric acid soln of a temp, of 17.5^. Fit the flask with 
a rubber stopper and place at once in a rotary apparatus, shaking the flask for 30 
min. at the rate of 30-40 r.p.m. Filter immediately on a dry filter, and analyze the 
soln at once. 

63 DETERMIN ATION 

To 50 cc of the clear filtrate in a beaker add 100 c<‘ of molybdate soln, 7(a), and 
place the beaker in a water bath; when the temp, of (ho contents roaches 65°, re- 
move the beaker and cool to room temj>. Filter and wash the yellow precipitate of 
Xlli phosphomolybdate 4 or 5 times with 1% HXO^ Dissolve the prccijiitate in 
100 cc of cold 2% XHd)H, and nearly neutralize with IK'l. Aild to the soln drop- 
wise, with continuous stirring, 15 cc of magnesia mixture, 7(c), and [iroceed :is di- 
rected under 9. 

64 \'olHmelric Method -Off dal 

In an aliquot of the clear soln, preparerl as directed under 62, determine the 
PxOo as directed under 12. 
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III. SEWAGE* 


* See note at bottom of p. xvii. 



IV. AGRICULTURAL LIMING MATERIALS' 


1 DIRECTIONS FOR SAMPLING-TENTATIVE 

Take a sample that is representative of the lot or shipment and that does not con- 
tain a disproportionate quantity of the surface or of any modified, or damaged zone, 
in the following manner: 

(a) Burtiif or lump lime, in bulk. — Collect a composite sample of not less than 10 
shovelfuls per car, with proportionate quantities from smaller lots, taking each 
shovelful from a different part of the lot or shipment. Crush immediately to pass a 
circular opening 1 inch in diameter; mix thoroly and rapidly; quarter down to a 
5 lb, sample; and place in a properly labeled, dry, air-tight container. 

(b) Burnt, or lump lime, in barrels. — Select at random 5 barrels from each lot or 
shipment of 20 tons or less and 1 additional barrel for each additional 5 tons. Take 
not less than 10 lbs. from each barrel selected, and treat as directed under (a). 

(c) Hydrated lime and ground burnt lime, in bags. — Select 10 bags from different 
parts of each lot or shipment of 20 tons or less and 1 additional bag for eacli addi- 
tional 5 tons. From each of the bags sampled withdraw a core from top to I)ottom 
by means of a sampling tube; mix these portions thoroly and raijidly on heavy sized 
paper or oilcloth; quarter down to a 2 11). sample; and })laee in a ])roperlv labeled, 
dry, air-tight container. 

(d) Ground limestone and ground marl, in hags. — Proceed as directed under (c). 

(e) Ground limestone, ground burjit lime, and ground marl, in bulk. — By means of 
a slotted sampling tube, withdraw samples to full sampler depth from 10 points in 
the lot or shipment; mix thoroly and rapidly on heavy sized paper or oilcloth; 
quarter down to a 2 lb. sample; and place in a properly labeled, dry, air-tight 
container, 

2 PREPARATION OF SAMPLE -TENTATIVE 

Grind the sample in a porcelain mortar or porcelain ball mill to pass a 0()-me.sh 
sieve, mix thoroly, and preserve in an air-tight container. 

NEUTRALIZING VALUE -TENTATIVE 

3 KE.MiKA'TS 

la) Sodium hydroxide soln. — 0.25 .V. Prepare free from carbonate.s ami store in a 
bottle provided with a siphon tube and with guard tubes containing soda-lime, or 
other suitable device, to prevent absorption of ('O 2 from the air. 

(h) Xitricacid. — 0.5 .V. St<andardize again,-t 'a), using j)hem)lphthalein indicator, 

II, 10' d). 

4 DETERMINATION' 

Place 0.5 g of burnt or hydrated lime fl g of ground limestone or ground marl), 
prepared as directed under 2, in a 150 cc beaker; add 50 cc of the IIXO^, cuver tlic 
beaker with a watch-glass, and boil for 5 min. (>jol, and titrate (he excess of acid 
with the NaOH soln, ii.sing phenolphthalein indicator, (kdeulate and report the 
results as percentage of P'aO in burnt and hydrated lime and as percentage of ( ’a( '0, 
equivalent for lime.stone and marl, 

CAUSTIC VALUE!— OFFICIAL 

5 APPARATUS 

In the illustration (Fig. 5), A is a 500 cc Krlenmcyer flask of Pyrex glass, and F 
is a filter cone packed nearly full with cotton, which is covered to a depth of 2 -3 mm 
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with lightly compacted, macerated filter paper. The filter cone is connected with 
the syphon tube B by means of thick-walled rubber tubing. The receiving flasks m 
and n are calibrated to deliver 50 and 100 cc, respectively. S is a suction flask. 

DETERMINATION 

Transfer a portion of the sample, 2, to a weighing bottle and determine the weight 
of the weighing bottle plus its contents. (This should be done in an atmosphere of 
minimum moisture and CO 2 content.) By means of a polished, narrow-pointed 
spatula that has been calibrated to hold approximately 1.5 g, withdraw the charge 
to be used and determine its exact weight by difference. Introduce the charge 
directly into the dry flask (.4), provided with a tightly fitting rubber stopper. 



LIMK SOLUTIONS 

Prepare a sugar sola iinmediaiely before use by placing 25 g of granulated sugar in 
a measuring flask calibrated to deliver 500 cc. Dissolve the sugar wdth cold C02-free 
H 2 O and make up to the mark. Holding both the Erlenmeyer flask containing the 
charge and the flask containing the sugar soln in a slightly inclined position, insert 
the neck of the sugar soln flask a short distance into the Erlenmeyer flask, and care- 
fully transfer the sugar soln while simultaneously and synchronously agitating both 
flasks by a rotary motion to prevent granulation of the lime. Stopper the Erlenmeyer 
flask securely; agitate; and add, if desired, a quantity of clean dry beads. Effect 
complete soln of uncoated caustic lime by six l-min. agitations at intervals of 2 or 
3 min. (Tush any undisintegrated particles of the sample by careful twusting of the 
stopper after inverting the flask to trap them in the space between the stopper and 
the neck of the flask. Allow 15 min. further contact between the lime and the sugar 
soln, and then filter. 

Connect the filter cone F wdth the syphon B and close stopcock D. Connect the 
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receiving flasks, apply suction, and quickly connect the Erlcnmeyer flask (^1) con- 
taining the lime solri with stopper E, Open stopcock C and filter 25 50 cc of the soln. 
Close C and open D to release suction. Remove m and replace with another dry flask 
of the same kind. Close D, open C, and continue the filtration until both m and 
n have been filled at least to the marks. To disconnect the system, close stopcock C 
and press the outlet of flask m down gently and then the outlet of flask n to remove 
any excess of liquid above the marks. Permit the intermediate connection to empty, 
and then open stopcock D and remove m and n. Titrate the first 50 cc, or pilot ali- 
quot, of the filtered soln with 0.5 .V HCl, using phenolphthalein indicator. Run twice 
the volume of the 0.5 .V acid required for this titration into a covered 200 cc beaker, 
add the second, or 100 cc aliquot, of the filtered soln to this acid and phenolphthalein 
indicator; and complete the titration. 

Calculate the caustic value of the sample by means of the formula; 


X = percentage of active CaO; 

A =cc of 0,5 .V acid used per 100 cc of lime soln; 

TT = weight of charge. 

7 CARBON DIOXIDE- TENTATIVE 

Proceed as directed under I, 6, using 5 g of burnt or hydrated lime (1 g of ground 
limestone or ground marl), prepared as directed under 2. ('alculate and report the 
result as percentage of CaCOs. 

8 TOTAL CALCIUM OXIDE- TENTATIVE 

Place 1 g of burnt or hydrated lime '2 g of ground limestone or ground marl), 
prepared as directed under 2, in a hard glass l)eaker of 250 cc capacity; add 25 cc of 
H;0, 10 cc of HCl, and a few drops of HNO^; boil for 10 min. and evaporate to 
dryness. Separate and remove the insoluble matter, Si02, and Fe and Al oxides, as 
directed under I, 16 and 17. Determine CaO as directed under I, 18. 

9 TOTAL MAGNESIUM OXIDE -TENTATIVE 

Proceed as directed under I, 19 or 21, using the combined filtrate and washings 
from the CaO determination under 8. 

10 MECHANICAL ANALYSIS OF GROUND LIMESTONE -TENTATIVE 

Transfer 100 g of the original material to a set of 10-, 20-, 40-, 00-, 80-, and 100- 
mesh standardized sieves that comply with the H]>ef‘irications of the Rureaii of Stand- 
ards. Sift, shaking for 5 min. on the 80- and 100-raesh sieves and breaking lumps by 
moans of a soft rubber pestle if the material has a tendency to cake. Weigh the 
material that i.s retained on each sieve and that whicli passes the 100-ine.sh sieve 
and expre.ss as percentages of the total weight. 

SELECTED REFEREXCES 

1 J. .Assoc. Official Agr. Chem., 7, 252 (1024); 8. Bur. Standards Circs., 96, 

118 , 143 , 150 , 153 ; Am. Soc. Test, .Materials, Tentative Standards, 1923, p. 277. 

2 Ind. Eng. Chem., 20, 312 (1928); J. Assoc. Official Agr. Chem., 11 , 153 (1928); 
14 , 283 (1931). 


V. AGRICULTURAL DUST* 

* See note at bottom of p. xvii. 
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VI. INSECTICIDES AND FUNGICIDES 

1 PREPARATION OF SAMPLE— OFFICIAL 

Thoroly mix all samples before analysis. Make water-soluble As determinations 
on samples as received, without further pulverization or drying. In the ease of lye, 
NaCN, or KCN, weigh large quantities in weighing bottles and analyze aliquots of 
the aqueous sol ns. 

2 MOISTURE— OFFICIAL 

(.Applicable to Paris green, London purple, powdered lead arsenate, calcium ar- 
senate, magnesium arsenate, zinc arsenite, and powdered Bordeaux mixture) 

Dry 2 g to constant weight at 105-110° and report the loss in weight as moisture. 

TOTAL ARSENIC 

I. By Cuprous Chloride Disiillatiord — OJficial 

(.Applicable except in the presence of nitrates to the determination of total arsenic 
in Paris Green, lead arsenate, calcium arsenate, zinc arsenite, magnesium arsenate, 
and Bordeaux mixture with carsenicals.) 

RE GENTS 

(a) Standard arsernoas oxide soln. -Dissolve 2 g of pure AS2O3 in a beaker by 

boiling with about 150 200 cc of H^O containing 10 cc of cool, transfer to a 

500 cc vohimetric flask, and dilute to the mark. 

(b) Standard iodine soln. A[)proximately 0.05 X. Mix intimately 6.35 g of pure 
I with twice this weight of pure KT, dissolve in a small quantity of 11 2O, filter, and 
dilute the filtrate to 1 liter in a volumetric flask. Standardize against ta) as follows: 
Pipet 50 cc of the As 203 soln into an Erlenmeyer flask, dilute to the same volume 
as that of the aliquot used for the titration in the actual determination, neutralize 
with NaHC'Oa, add 4~5 g in excess, and add the standard I soln from a buret, shak- 
ing the flask continuously until the yellow color disappears slowly from the soln. 
Then add 5 cc of the starch indicator and continue adding the 1 soln, dropwise, until 
a permanent blue color is obtained. Calculate the value of the standard I soln in 
terms of AssOs and As^Oo. For the conversion of AS2O3 to As^Oi multiply by 1.1617. 
Occasionally restandardize the I against the standard As^Os soln. 

(c) Standard hrornate .s‘o/u.— Dissolve 1.525 g of XaBrOs in H2O and dilute to 1 
liter. One cc of this soln is approximately equal to 0.003 g of .4s20s. Standardize 
against (a) as follows: Pipet 25 cc aliquots of the AS2O3 soln to 500 cc Erlenmeyer 
flasks, add 15 cc of UCl, dilute to 100 cc, heat to 90°, and titrate with the bromate 
soln, using 5 drops of the methyl orange indicator (f). Do not add the indicator 
until near the end of the titration, and agitate the liquid continuously in order to 
avoid local excels of the bromate soln. Add the bromate soln very slowly when 
approaching the end of the titration; the end point is shown by a change from red 
to colorless. 

(d) Sodium hydroxide soi/t.- -Dissolve 400 g of NaOH in HoQ and dilute to 1 liter. 

(e) Starch indicator. — Mix about 2 g of finely powdered potato starch with cold 
HjO to a thin paste; add about 200 cc of boiling H2(), stirring constantly, and im- 
mediately discontinue heating. 

(f) Methyl orange indicator. — Dissolve 1 g of methyl orange in IDO and dilute 
to 1 liter. 
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4 APPARATUS 

Fig, 6. — The distillation flask is of 500 cc capacity and rests on a metal gauze 
that fits over a circular hole in a heavy sheet of asbestos board, which in turn ex- 
tends out far enough to protect the sides of the flask from the direct flame of the 
burner. The first receiving flask holds 500 cc and contains 40 cc of the second 
holds 500 cc and contains 100 cc of H 2 O. The volume in the first flask should not 
exceed 40 cc, otherwise there may be separated a compound of As that can not 
readily be redissolved without danger of loss of AsCla. Keep both flasks cool by 
placing them in a pan thru which H 2 O circulates, or which contains H 2 O and pieces 
of ice. 



5 dp:tehmin'ation' 

Weigh a quantity of the sample containing not mure than 0.4 g of As and wash 
into the distillation flask by means of 100 cc of 11(11. Add 5 g of (’u 2 ('l 2 and distil. 
When the volume in the distillation flask is reduced to about 40 cc add 50 cc more of 
HCl by means of the dropping funnel and continue the distillation, rej)e:iting the 
addition of 50 cc portions of HC.'l until 200 cc of the acid distillate hits ])assed over. 
Wash down the condenser and all connecting tubes carefully, transfer these washings 
and the contents of the Erlenmeyer flasks to a liter volumetric flask, dilute to the 
mark, and mix thoroly. Titrate the distillate hy one of the following proco<lures: 

^a) Pipet a 200 cc aliquot into an Erlenmeyer flask and nearly neutralize with the 
NaOH soln, using a few dro])S of phenolphthalein indicator, II, 10(d), and keei)ing 
the soln well cooled. If the neutral point is passed, add 11(1 until again slightly 
acid. Neutralize with NaH(i 03 , adrl 4 -5 g in excess, and add the standard I soln 
from a buret, shaking the flask continuously until the yellow color disapponrs slowly 
from the soln. Then add 5 cc of the starch indicator and continue adding the I soln 
dropwi.se until a permanent blue color is obtained. 

(h)2 Pipet a 200 cc aliquot into an Erlenmeyer flask and titrate with the bromate 
soln as directed under Sf'e), beginning with 'lieat to 00®.’^ 
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From the number of cc of standard soln used, calculate the percentage of As in 
the sample. Report as AS2O3 cr AS2O5, according to whether the As is present in the 
trivalent or pontavalent form. If the condition of the arsenic is unknown, report as 
As. 

//. By Hydrazine Sulfate Distillation^ — Official 

(Nitrates do not interfere in this method. Applicable to the determination of total 
arsenic in Paris green, lead arsenate, calcium arsenate, zinc arsenite, magnesium 
arsenate, and Bordeaux mixture with arsenicals.) 

6 HEAGENTS 

Hydrazine sulfate-sodium bromide soln. — Dissolve 20 g of N2H4.H2SO4 and 20 
g of NaBr in 1 liter of HCl (1+4). 

The other reagents and solns are described under 3. 

7 APPARATUS 
The :i])paratus is described under 4. 

8 DETERMINATION 

Weigh a quantity of the sample containing not more than 0.4 g of As and transfer 
to the distilling ilask. Add 50 cc of the N2H4. H2S04'NaBr soln, close the flask with 
the stopper that carries the funnel tube, and connect the side tube with the con- 
denser. Boil for 2 -3 min., add 100 cc of HCl by means of the dropping funnel, and 
distil \intil the volume in the distilling flask is reduced to about 40 cc; add 50 cc 
more of H(d and continue the distillation until the contents of the flask arc again 
reduced to about 40 cc. Wash down the condenser, transfer the contents of the re- 
ceiving flask to a liter volumetric flask, dilute to volume, and mix thoroly. Titrate 
the dislillale by one of the following procedures: 

(a) Proceed as direahed under 5(a); or 

(b) Pipet a 200 cc aliquot into an Erlenmeyer flask, add 10 cc of HCl, and titrate 
with the standard bromatc soln described under 3(c), beginning with ''heat to 90'’.” 

From the number of cc of standard soln used, calculate the percentage of As 
in the sample. Report as AS2O3 or AS2O5, according to whether the As is present in 
the trivalent or pcntavalcnt form. If the condition of the arsenic is unknown, report 
as As. 

Method IIH — Teiitative 

(Applicable in presence of sulfides, sulfites, thiosulfates or large quantities of 
sulfur.) 

9 REAGENTS 

Sodium ihiosulfaie soln. — Approximately 0.05 Ah Dissolve 13 g of crystallized 
NaiSjOs.GlDO in IDO and dilute to 1 liter. 

The other reagents and solns are described under 3. The apparatus is described 
under 4. 

10 DETERMINATION 

Weigh 2 g of the sample and transfer to the distilling flask. Add a soln of 5~8 g 
of CU2CI2 in 100 cc of HCl and shake to bring the sample completely in contact with 
the acid soln and to expel H2S. When the reaction has ceased, close the flask, con- 
nect with the condenser, and distil as directed under 5 until 200 cc of the acid dis- 
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tillate has passed, over. Make the distillate to volume in a liter flask, mix thoroly, 
and transfer a 200 cc aliquot to a 400 cc Pyrex beaker or porcelain casserole. Add 

10 cc of HNOs and 5 cc of H2SO4, evaporate to a sinipy consistency on a steam bath, 
and then heat on a hot plate until the white fumes of II2SO4 appear. Cool, and wash 
into a 500 cc Erlenmeyer flask. If the quantity of 1I2S04 is appreciably lessened by 
fuming, add sufficient to make the total quantity of II2SO4 approximately 5 cc. 
Dilute to 100-150 cc, add 1.5 g of KI, and boil until the volume is reduced to about 
40 cc. Cool the soln under running IDO; dilute to 100-150 cc; and add the Na2S203 
soln, 9, dropwise until the I color is just removed. Nearly neutralize the H2SO4 with 
the NaOH soln, 3 id), finish the neutralization with NaHCOj, add 4-5 g in excess, 
and titrate with the standard I soln as directed under 3(b). From the number of 
cc of standard soln used calculate the percentage of As in the sample. Report as 
AsjOa or AS2O5 according to whether the As is present in the trivalent or pentavalent 
form. If the condition of the arsenic is unknown, report as As. 

WATER-SOLUBLE ARSENIC -OFFICIAL 

(Applicable lO the determination of water-soluble arsenic in lead arsenate, cal- 
cium arsenate, zinc arsenitc, magnesium arsenate, and Bordeaux mixture with ar- 
senicals.) 

11 REAGENTS 

The reagents and solus are described under 3 and 9. 

12 DETERMINATION 

To 2 g of the original sample if a powder, or 4 g if a jja.ste, in a liter Pdorence 
flask, add 1 liter of recently boiled IDO that has l)een cooIcmI to 32'*. Sto])i)or the 
flask and place in a water hath kept at 32' by means of a thermostat. Digest for 21 
hours, shaking hourly for S hours during this period. Filter thru a dry filter, transfer 
250-500 cc of the cUar filtrate to an Erlenmeyer flask, add 3 cc of fD!S04, and 
evaporate on a hot plate. When the volume reaches ajiproximately 100 cc add 1 g of 
KI, and continue the boiling until the volume is about 40 cc. (.'ool, dilute to about 
200 cc, and add the Na2S203 soln, 9, dropwise until the I cohu* is exactly removed. 
‘Wvoid the Use of starch indicator at this point.) Neutralize with NalTDOj, add 4 -5 
g in excess, titrate with the standard I soln until tlie yellow color disap])oars slowly, 
add 5 cc of the starch indicator, and (‘oiitinue the titration to a permanent blue color. 
Make correction for the quantity of standard i soln necessary to ])ro<luce the same 
color, using the same reagents and volume. From the number of cc of standard 1 sola 
used calculate the percentage of water-soluble As in the sami)Ie. 

13 LEAD OXIDE'- OFFICIAL* 

Weigh 1 g of the powdered sample and tran.sfer to a beaker. Add 5 cc of HHr 
''approximately 1.38 sp. gr.) anti 1-5 cc of IIDl, and evaporate to dryness to remove 
As. Repeat the treatment, add 20 ec more of the IICl, and again evai)orate to dry- 
ness. Add to the re.sidue 2.5 cc of the 2 X H(d, heat to boiling, filter immediately to 
remove Si02, and wash with boiling H2O to a volume of 125 cc. See that all FbC'D is 
in soln before filtering; if it will not dissolve completely in 25 cc of 2 A' acid, add 
25 cc additional and dilute tbe filtrate to 250 ec volume. Pass in H2S until the ])re- 
cipitation is complete. Filter, and wa.sh the precipitate thoroly with 0.5 A' IK'l 
saturated with IDS. Save the filtrate and washings for the determination of ziiu*. 

• .\pplirable to hurti preparation^ HorUeanx-lrail arHeriatn, Btjrdefnix-zmc arsenite, Hordeaux-I^aris 
Kree'i.Jind Oordwiiix-riitfauin ar.^enate. 
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Transfer the filter paper containing the sulfides of Pb and Cu to a 400 cc Pyrex 
beaker and completely oxidize all organic matter l)y heating on a steam bath with 
4 cc of II2SO4 and about 20 cc of fuming HNO,3 in a covered beaker. Evaporate on 
the steam bath and then completely remove HNO3 by heating on a hot plate until 
copious evolution of the white fumes of H2^04 occurs. Cool, add 2-3 cc of H2O, and 
again heat to fuming. Cool, add 50 cc of II 2O and 100 cc of %% alcohol, and let 
stand several hours (preferably overnight). Filter thru a Gooch crucible, previously 
washed with H2O, with acidified alcohol flOO parts of H2O, 200 parts of 95% al- 
cohol, and 3 parts of H2SO4) and with 95% alcohol, and then dried at 200®. Wash 
the precipitate of Pb804 in the crucible about 10 times with the acidified alcohol, 
and then with 95% alcohol, to remove H28O1. Dry at 200° to constant weight, 
keeping the crucible covered to prevent loss from spattering. From the weight of 
PbS04, calculate the percentage of PbO in the sample, using the factor 0.7300. 

COPPERS* 

14 Electrolytic Method — Official 

Evaporate the filtrate and washings from the PbS04 precipitation, 13, to fuming; 
add a few cc of fuming IINO3 to destroy organic matter; and continue the evapora- 
tion until about 3 cc remains. Take up with about 100 cc of IDO, add 1 cc of HNO3, 
and filter, if necessary. Wash into a weighed 150 cc Pt dish and electrolyze, using a 
rotating anode and a current of about 3 amperes. (In lieu of the Pt dish a 150 cc 
beaker and a weighed gauze cathode may be used.) After all the Cu has been de- 
posited (requiring about 30 min.) and while the current is still flowing, wash the 
deposit with IDO by siphoning. Then interrupt the current, rinse the cathode with 
alcohol, dry for a few moments in an oven, and weigh. Calculate the percentage of 
Cu in the sample. 

15 Thiosulfate Volumetric Method- -Official 

Proceed as directed under 14 to the point at which the filtrate and washings from 
the PbS04 precipitation have been treated with fuming HXO3 and evaporated to a 
volume of about 3 cc. Take up in about 50 cc of H2O, add NH4OH in excess, and 
l>()il until the excess of XID is expelled, as shown by a change of color in the liquid 
and a partial precipitation. Then add 3-4 cc of 80% acetic acid, boil 1-2 min., 
cool, acUl 10 cc of a 30% KI soln, and titrate with standard thiosulfate soln (XXXIV, 
39) until the brown color becomes faint. Then add starch indicator, 3(e), and con- 
tinue the titration cautiously until the blue color due to free I has entirely vanished. 
From the number of cc of standard thiosulfate soln used calculate the percentage 
of Cu in the sani])le. 

ZINC OXIDE«- OFFICIAL* 

16 HEAGENT 

MercuryMiiocyanaic soln. — Dissolve 27 g of HgCE and 30 g of NH4SCN in HaO 
and dilute to 1 liter. 

17 DETERMINATION 

Concentrate the filtrate and washings from the sulfide precipitation, 13, by gentle 
boiling to about 50 cc, and continue the evaporation on a steam bath to dryness. 
Dissolve the residue in 100 cc of IDO containing 5 cc of HCl, and add 35 40 cc of 
the Ilg-thiocyanate reagent with vigorous stirring. Allow to stand at least an hour 

• Applicable to such preparations as Bordeaux-lead arsenate, Bordeaux-zinc arsenite, Bordeaux-Paris 
green, and Hurdejiux-calcium arsenate. 
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with occasional stirring. Filter thru a weighed Gooch crucible, wash with H 2 O con- 
taining 20 cc of the Hg-thiocyanate reagent per liter, and dry to constant W'eight 
at 105°. From this weight calculate the percentage of ZnO in the sample, using the 
factor 0.16332. 

Some Fe is usually present and during the Zn determination should be in the 
ferrous condition. In making the sullide precipitation the H^S should be passed into 
the solii for a sufficient length of time to reduce the Fe, as well as to precipitate the 
Cu and Pb. The Zn-Hg-thiocyanate precipitate normally is white, and the occluded 
ferric thiocyanate should not give it more than a faint pink color. 

FLUORINE 

DistUhition Method’— T cnlaiive 
18 REAGENTS 

(a) Sodium alizarin sidfonak soln. — DissoU^e 0.1 g of sodium alizarin sulfonate 
in 200 cc of H 2 O, and filter if necessary. 

(b) Standard thorium nitrate win , — Approximately 0.02 X. Dissolve 3.4917 g of 
crystallized Th(X 03 )«. 121FO in H;0 and dilute to 1 liter. Standardize as follows: 

Transfer 10 cc of 0.02 .V XaF soln to a small porcelain casserole for a tail-form 
50 cc beaker over a white surface), add 4 drops of the alizarin indicator and 20 cc 
of neutral 95^ alcohol. If the soln is not yellow after the addition of tlie indicator, 
add dropwise HCl (1 -foO) until the yellow color just appears and then add 3 dro]>s 
in excess. Titrate to a faint permanent pink with the thorium nitrate. iThe soln 
shades from yellow to pink as the end point is approached, and the use of a refer- 
ence soln of the indicator with a slight pink color insures more accurate results.) 
Because the pink color develops slowly as the end point is approached, use cure to 
avoid over titration, ('alculate the value of the thorium nitrate in terms of F per cc 
(the aliquot of XaF soln used for standardization should contain ai)]jroximatcly 
the same quantity of F and have the same volume as the aliquot of the sample to 
be titrated). 

10 DETEUMIN.»lTION 

t'a) In irater-soluhle dmrine compounds iinierfering elements absent ),- — Dissolve 
about 0.2 g of the .salt iu H 2 O and dilute to 200 cc. Transfer a 10 cc aliquot of this 
soln to a small porcelain casserole ' or a small tail-form beaker over a white surface), 
add 4 drops of indicator and 20 cc of neutral 9.5% alcohol. Add IK'l (1 +50) drop- 
wis:e until the pink color is exactly discharged and then add 3 drops in excess. Ti- 
trate witli the standard thorium nitrate soln to a reajipearancc of the pink color as 
directed un<ler 18 'b). From this titration calculate the ])crceutage of F in the 
sample. 

(b) In v'akr^insoluhle Jluorine compounds, jrater-soluhle (luorine. compounds uith 
interfering elements present (organic matter absent or present o?ilp in small quantity ). — 
Weigh a quantity of the sample equivalent to 0.07 -0.10 g of F into a 50 or 100 cc 
Pyrex Claisseii-type distillation flask (50 cc flask preferred). Add 8-12 glass beads, 
10 cc of H 2 O and 6-7 cc of 00% perchloric acid, or G-7 cc 112804 if there is danger 
of an explo.sive mixture. Do not use perchloric acid on samples containing the 
slightest trace of sulfur or organic matter. Support the flask on an asbestos mat 
having a circular opening sufficiently large to expose the lower third of the flask to 
the flame. Glose the flask with a 2-holed rubber stopper through which passes a 
thermometer and a capillary tube, both of which should extend into the liquid. 
Connect a 50 cc dropping funnel with the capillary tube, so that 1120 may be added 
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during the distillation, and connect the side-neck of the distilling flask with a con- 
denser. Collect the distillate in a 200 cc volumetric flask. Heat slowly until an initial 
boiling point of 110-112° is reached. Continue the distillation until the boiling point 
reaches 135° and hold at approximately that temp, (must not exceed 140°) by allow- 
ing ICO to enter slowly from the dropping funnel until the distillate measures 150 
cc. Make the soln to volume, transfer a 10 cc aliquot to a small porcelain casserole 
(or a small tail-form beaker over a white surface), add 4 drops of indicator and 1% 
NaOH soln drop wise until the color of the indicator appears, exactly discharge the 
color with HCl (1 +50), and add 3 drops in excess. Add 20 cc of alcohol and titrate 
with the thorium nitrate soln to a reappearance of the pink color. From this ti- 
tration calculate the percentage of F in the sample. 

Note. — Procedure (b) must be used for samples containing ions that form a 
precipitate or non-dissociated salt with F or with Th (e.g., Ca, Ba, Fe, Al, PO4, etc.). 

(c) In presence of much organic jnatter. — Weigh a quantity of the sample not ex- 
ceeding 5 g and containing 0.1 g or less of F, in a 50 cc Pt dish, and add a quantity 
of Ca(OII)2 containing approximately 1 g of CaO. Add small quantities of H2O with 
stirring until the charge is thoroly moistened and intimately mixed. Dry completely 
in a hot air oven at 105°, and then ignite gently over a flame until the charge is just 
charred, and complete the ignition in a muffle furnace heated to dull redness. Trans- 
fer the ash to a 100 cc Pyrex Claissen-type distillation flask and proceed as directed 
in (b) except to use 10 cc of H2SO4. 

Notes. — An ordinary side-neck flask can be used instead of the Claissen type 
flask for the distillation, but it is preferable to bend the side-neck so that it is in- 
clined ujnvard and then back again to its original angle with the flask. At the end 
of the titrations the soln should contain 50-00% by volume of alcohol. When lime 
is used as a fixative for F, a correction should be m.ade for any F contained in it. 

PARIS GREEN 

20 MOISTURE— OFFICIAL 

Proceed a.s directed under 2. 

21 TOTAL ARSENIC OFFICIAL 

Proceed as directed under 5 or 8. 

TOTAL ARSENIOUS OXIDE 

(The following methods determine only the As present in the trivalent form 
(AssOs). They also determine any Sb that may be present in the trivalent form 
(Sh'iOs). Ferrous and cuprous salts vitiate the results.) 

Method P — Official 

22 REAGENTS 

chloride soln. — Dissolve 250 g of NH4CI in IDO and dilute to 1 liter. 

The other reagents and solns are described under 3. 

23 DETEUMlN.VnON 

Weigh 0.3 g of the sample and wash into an Erlenraeyer flask with 10-15 cc of 
HCl (1 +4) or 10-15 cc of II2SO4 (1 +4), followed by about 100 cc of HjO, and he.at 
on a steam bath only so long as is necessary to complete soln, at a temp, not exceed- 
ing 90°. (If II2SO4 is used the soln may be heated to boiling.) Cool, neutralize with 
NallCO}, add 4-5 g in excess, and then add siiflicient NH4CI soln to dissolve the 
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precipitated Cii. Dilute somewhat and titrate as directed under 3(b). Make correc- 
tion for the quantity of I soln necessary to produce a blue color with starch in the 
presence of Cu (using an equivalent weight of CuSO<). From the corrected number 
of cc standard I soln used calculate the percentage of AS2O3 in the sample. 

24 Method IP — Oficial 

Weigh 1.0 g of the sample and wash into a 250 cc volumetric flask with 100 cc of 
HCl (1 f 4), heating to a maximum of 90°, if necessary, to secure complete soln of 
the sample. C^ool, and make to volume. 

(a) Transfer a 50 cc aliquot to a 500 cc Erl enm ever flask, add 10 cc of HCl, heat 
to 90°, and titrate with the standard bromate soln as directed under 3(c), beginning 
with ‘Titrate with the bromate sola.’’ Or, 

(b) Proceed as directed under (a) but make the titration without heating the soln. 
From the number of cc of bromate soln used calculate the percentage of AS2O3 

in the sample. 

SODIUM ACETATE-SOLUBLE ARSENIOUS OXIDE'"— TENTATIVE 

25 REAGENTS 

la) <Sodium acetate soln. — 12.5 g of the crystallized salt (CTfjC/OOXa. 3H2O) in 
each 25 cc. 

The other reagents and solns are described under 3. 

26 determination 

Place 1 g of the sample in a 100 cc volumetric flask and boil for 5 min. with 25 cc 
of the Xa acetate soln. Dilute to the mark, shake, and pass thru a dry filter paper. 
Titrate an aliquot of this filtrate as directed under 3(b). (\alc\datc the quantity of 
AS2O3 present and ex])ress the results as peri'entage of Xa-acotaf e-soluhle .As^Oj. 

27 WATER-SOLUBLE ARSENIOUS OXIDE - OFFICIAL 

To 1 g of the sarn])Ie in a liter Florence flask add 1 liter of recently boiled 11 2D 
that has been cooled to .32". Stopper the flask and place in a water hath kept at 32° 
by raean.s of a thermostat. Digest for 24 hours, shaking hourly for 8 hours during 
thi.s period. Filter thru a dry filter and transfer 250 cc of the filtrate to an Krlen- 
meyer fia.sk; add 4 5 g of XalK'Oj arid titrate with tlie I .'^olti, 3' b), to a permanent 
blue color, using .'tarch indicator, 3 'e). ('orrect for the quantity of the 1 soln neces- 
sary to produce the same color, using the same reagents ami volume. Dalculafe 
the quantity of AsiOj present and expre-^s the rosiiit^ as percentage of water-soluble 
AS2O3. 

TOTAL COPPER OXIDE 

28 El'Ctroli/tic Method ({ffirial 

Treat 2 g of the sample in a beaker with 100 cc of 11 2D and about 2 g of XaDH 
and boil thoroly until all the f'u i.s precipitated as (hii-O. Filter, wash well with hot 
H2O, di.saolve the precipitate in hot HXDj (I r4), cool, tran.'^fer to a 250 cc volu- 
metric flask, and dilute to the mark. Electrolyze an aliquot of 50 or 100 ec, as di- 
rected under 14. (‘aiculate to percentage of fart). 

29 Volutneirir Thiosulfate }fethod"-~ OJUcial 

Determine Cu in an aliquot of the HXO3 soln of (huD, 28, by titrating with 
standard thiosulfate .soln as flirectcd under 15, and calculate to percentage of CuD. 
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LEAD ARSENATE 

30 MOISTURE— OFFICIAL 

(a) Powder. — Dry 2 g to constant weight at 105-110° and report the loss in 
weight as moisture. 

(b) Paste. — Proceed as directed under (a), using 50 g. Grind the dry sample to a 
fine powder, mix well, transfer a small portion to a sample bottle, and again dry for 
1-2 hours at 105-110°. Use this anhydrous material for the determination of total 
PbO and total As. 

TOTAL ARSENIC 

3 1 Method I — -Ojjicial 
Proceed as directed under 5 or 8. 

32 Method OJficial 

(Not applicable in the presence of antimony.) 

Dissolve 1 g of the powdered sample with HNO3 (1+4:) in a porcelain casserole or 
evaporating dish, add 5 cc of H2SO4, and heat on a hot plate to copious evolution of 
white fumes. Cool, add a little H2O, and again evaporate until the appearance of 
white fumes to assure removal of the last trace of HNO3. Wash into a 200 cc volu- 
metric flask with I+O, cool, dilute to volume, and filter thru a dry filter. Transfer 
100 cc of the filtrate to an Urlenmeyer flask and proceed as directed under 12, 
l)eginning with ‘‘add 1 gram of Kl.’' From the number of cc of standard I soln used 
calculate the percentage of total As in the sample in terms of AS2O5. 

33 TOTAL ARSENIOUS OXIDE'^ OFFICIAL 

Weigh 2 g of the powdered sample and transfer to a 200 cc volumetric flask, add 
100 cc of H2!>04 (1 +0), and boil for 30 min. Cool, dilute to volume, shake thoroly, 
and filter thru a dry filter, Nearly neutralize 100 cc of the filtrate with NaOH soln, 
3(d), using a few drops of phenolphthalein indicator, II, 10(d). If the neutral point 
is passed, make acid again with the dilute H2SO4. Continue as directed under 3(b), 
l)eginning “neutralize with NaHCOs.” From the number of cc of standard I soln 
used calculate the percentage of AsoQ;). 

TOTAL ARSENIC OXIDE TENTATIVE 

34 KEA(5EXTS 

(a) Potassium iodide soln.- -Dissolve 20 g of KI in H2O and dilute to 100 cc. 

(b) Standard thiosulfate soln. — Prepare an approximately 0.05 A" soln as follows; 
Dissolve 13 g of NaaSA),-}, 5H2O in recently boiled and cooled H2O, filter, and dilute 
to 1 liter with recently boiled and cooled HjO. Standardize as follows; 

Dissolve about 0.7 g of PbH As04 in 50 cc of HCl in an Erlenmeyer flask. If neces- 
sary to effect soln, heat on a steam bath, keeping the flask covered with a watch- 
glass to jirevent ev:i])oratioii of the acid. Cool to 20-25°, add 10 cc of the KI soln, 
(a), and 50 cc (or more if necessary to produce a clear soln) of NH4CI soln, 22, and 
immediately titrate the liberated I with the standard thiosulfate. When the color 
becomes a faint yellow, dilute with about 150 cc of IDO and continue the titration 
carefully, droi)wise, until colorless, using starch indicator, 3(e), near the end point. 
From the weight of PbHAs04 and the number of cc of Na2S203 soln used calculate 
the value of the latter in terms of As^Oo. (.\s2O5 in PbH ASO4 =33.11%.) 

Prepare ])ure PbHAs04 by pouring a soln of Pb(N03)2 into a soln of IVH2ASO4, 
which sliould be in excess. Collect the precipitate by filtration, dissolve it in the 
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smallesT possible quantity of boiling HNO 3 (1+4), and pour the soln into a large 
quantity of HoO (approximately 50-100 cc of the HNOj soln in 2-3 liters of HjO). 
Collect the precipitate by filtration and dry at 110®. 

35 determination 

Weigh 0.5 g of the powdered sample and transfer to an Erlenmeyer flask. Add 
25-30 cc of HCl and evaporate to dryness on a steam bath. Then add 50 cc of HCI 
and proceed as directed under 34(b), beginning with ‘Tf necessary to effect soln, 
heat on a steam bath.” From the number of cc of standard thiosulfate soln used 
calculate the percentage of As^Oa. 

36 WATER-SOLUBLE ARSENIC— OFFICIAL 
Proceed as directed under 12 , and calculate results as As^Os. 

TOTAL LEAD OXIDE 

37 Method I^^—Oindal 

Heat in a 600 cc beaker on a hot plate, 0.5 g of the powdered sample and about 
25 cc of HXO 3 (1 -r4). Remove any insoluble residue by filtration. Dilute to at least 
400 cc; heat nearly to boiling; and add XH 4 OII to slight precipitation, then IIXO3 
(1+9) to redissolve the precipitate, adding 1-2 cc in excess. Pipet into this soln, 
kept almost boiling, 50 cc of a hot 10% K^C'rOi soln, stirring constantly. Decant 
while hot thru a weighed Gooch crucible, previously heated to 140 150®, and wash 
several times by decantation and then on the filter with l;»oiling HoO until the wash- 
ings are colorles-s. Dry the PbCr 04 at 140 -150® to constant weight. From the weight 
of the PbCr 04 calculate the percentage of PbO in the sample, using the factor 
0.6906. 

The PbCr 04 precipitate may contain a small quantity of PbllAsO^, which will 
cause slightly high results, but thi.s error rarely amounts to more than O.T O.2%. 

38 Method ll^^' Ojficial 

(Xot applicable in the presence of calcium.) 

Heat in a porcelain evaporating dish or casserole on a hot ]>]ate, 0.5 g of the 
powdered .sample and about 25 cc of HXOj (1+4). Remove any insoluble residue 
by filtration. Add .3 cc of H 2 SO 4 and evaporate on a hot plate until the a]>pearance 
of white fumes. Cool, add a few cc of Ho decornpcjse any nitro-sulfuric acid 
formed), and again heat to fuming. Proceed as directed under 13, beginning with 
“Cool, add 50 cc of H 2 O and 100 cc of 95% alcohol.” 

CALCIUM ARSENATE 

39 MOISTURE- OFFICIAL 
Proceed as directed under 2. 

40 TOTAL ARSENIC 
Proceed as directed imder 5 or 8. 

41 TOTAL ARSENIOUS OXIDE*^ OFFICIAL 
fa) ''Xot ap])licable in the presence of nitrates.) 

Weigh 1 g of the sample, transfer to a 500 cc Erlenmeyer flask, aTui dissolve in 
100 cc of HCl G +3), Heat to 90® and titrate with the standard l)romate soln, 3(c), 
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using 5 drops of the methyl orange indicator, 3(f). From the number of cc of stand- 
ard bromate soln used calculate the percentage of AS2O3 in the sample. 

(b) (Applicable in the presence of small quantities of nitrates.) 

Proceed as directed under (a) except to make the titration at room temp, 

42 WATER-SOLUBLE ARSENIC— OFFICIAL 
Froceefl as directed under 12, and calculate results as AS2O5. 

TOTAL CALCIUM OXIDE 

Method P ^ — 0 jfi dal 

43 REAGENTS 

(a) Ajnmomiim oxalate soln. — Dissolve 40 g of (NH4)2C204. H2O in 1 liter of H2O. 

(b) Standard polassium 'permanganaie soln. — Dissolve 3.161 g of KMn04 in 
freshly distilled H2O and dilute to 1 liter. Filter thru asbestos in a Gooch crucible 
and allow to stand for several days in a dark place. To standardize, dissolve 0.25 g 
of pure Xa2C204 in H2O, add 25 cc of H2SO4 (1 +4), dilute to 200 cc, heat to about 
70°, and titrate with the KMn04 soln until the soln assumes a faint pink color. 
From thi.s titration calculate the strength of the KMn04 soln, which should be 
approximately 0.1 At 

44 DETERM 1 N.A.T 10 N 

Dissolve 2 g of the sample in 80 cc of acetic acid (1+3), transfer to a 200 cc volu- 
metric flask, dilute to volume, and filter thru a dry filter. Transfer a 50 cc aliquot 
to a Ijeaker, dilute to about 200 cc, heat to boiling, and precipitate the Ca with the 
(NH4)2C204 soln. Allow the beaker to stand 3 hours on a steam bath, filter the soln 
and wash the precipitate with hot H2O. Dissolve the precipitate in 200 cc of H2O 
containing 25 cc of H2S04 (1+4), heat to about 70°, and titrate with the standard 
KMn()4 soln. From the number of cc of standard KMn04 soln used calculate the 
percentage of CaO. 

45 Method — Offidal 

(Xot applicable in the presence of lead.) 

Weigh 2 g of the sample; transfer to a beaker, add 5 cc of HBr (approximately 
1.38 sp. gr.) and 15 cc of HGl, and evaporate to dryness under a hood to remove As. 
Pepeat the treatment, add 20 cc of HCl, and again evaporate to dryness. Take up 
with H2O and a little HCl, tilter into a 200 cc volumetric flask, wash, and dilute to 
volume. Transfer a 50 C(; aliquot to a beaker, add 10 cc of HGl and a few drops of 
HNO3, boil, and make slightly alkaline with NH4OH. Let stand a few min. and 
niter. Dissolve the precipitate in HCl (1+4), reprecipitate, tilter thru the same 
paper, and wash with hot H2O. To the combined flltrates and washings add 20 cc 
of acetic acid (1 +3) and adjust the volume to about 200 cc. Heat to boiling, pre- 
cipitate with the (NH4)2C204 soln, 43(a), and allow to stand for 3 hours on a steam 
bath. Filter and \\ash with hot IDO. Ignite, and weigh as CaO; or dissolve the pre- 
cipitate in 200 cc of H2O containing 25 cc of H2SO4 (1+4), heat to about 70°, and 
titrate with the KMn04 soln, 43(b). From the weight of CaO or the number of cc 
of standard KMn04 soln used calculate the percentage of CaO. 

MAGNESIUM ARSENATE 

46 MOISTURE— OFFICIAL 
Proceed as directed under 2. 
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47 TOTAL ARSENIC OFFICIAL 

Proceed as directed under 5 or 8. 

48 TOTAL ARSEKIOUS OXIDE— OFFICIAL 
Proceed as directed under 33. 

49 WATER-SOLUBLE ARSENIC— OFFICIAL 

Proceed as directed under 12, and calculate the results as AsoOi. 

ZINC ARSENITE 

50 MOISTURE— OFFICIAL 
Proceed as directed under 2. 

51 TOTAL ARSENIC— OFFICIAL 

Proceed as directed under 5 or 8, and calculate results as AsoOs. 

TOTAL ARSENIOUS OXIDE 

52 Method — Official 

'a) Weigh 2 g of the sample and transfer to a l^eaker. Dissolve in 80 cc of II Cl 
(I -1-4), wash into a 200 cc volumetric flask, and dilute to volume. Thoroly mix the 
soil! and filter thru a dry filter. Transfer a 25 cc ali()Uot to a 500 cc Erlenineyer 
flask, add 20 cc of HCl, and dilute to 100 cc. Heat to 90^ and titrate with the stand- 
ard bromate soln, 3(c). Or, 

(b) Proceed as directed under ta) without heating the soln. 

53 .]fetkod II — Offiicial 
Proceed as directed under 23. 

54 WATER-SOLUBLE ARSENIC OFFICIAL 
Proceed as directed under 12, and calculate results as Asd)^. 

55 TOTAL ZINC OXIDE!'- OFFICIAL 

Transfer a 25 cc aliquot of the soln prepared for the determination of total AS2O3, 
52, to a beaker and add 5 cc of HCl. If there U much Fe present, reduce it by adding 
a little XaHSOa and heating on a steam hath until the odor of SO^ has ])r:ictically 
disappeared. Cool, dilute to about 100 cc, and proceed as directed under 17, be- 
ginning with “add 3.5-40 cc of the Hg-thiocyanate reagent with vigtjrons stirring.” 

COPPER CARBONATE 
COPPER OXIDE 

56 Electrolytic Method- Offitcinl 

Weigh 0..5 g of the sample, transfer to a 150 ce Pt dish or 150 cc beaker, uihI dis- 
solve in 25 cc of HNO3 ('l-i-4). Dilute to about 100 cc and determine the (hi by 
electrolysis, as directed under 14, beginning with “electrolyze, using a rotating 
anode and a current of about 3 amperes.” 

57 Thiosulfate Volumetric Method — Offiicial 

Di.ssolve 0. 2.5-0. 5 g of the sample in 25 cc of HNO3 fl + 4), dilute to about 50 cc, 
and proceed as directed under 15, beginning with “add NH40ri in excess.” 
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BORDEAUX MIXTURE 

58 MOISTURE— OFFICIAL 

(a) Powder . — Dry ‘2 g to constant weight at 105-110° and report the loss as 
moisture. 

(b) Pflsie.— Heat about 100 g in an oven at 90-100° until dry enough to powder 
readily and note the loss in weight. Powder this partially dried sample and deter- 
mine the remaining moisture in 2 g, as directed under (a). Determine CO2, as di- 
rected under 60, both in the original paste and in this partially dried sample. Cal- 
culate the total moisture by the following formula: 

fl00-tt)(b + c) , . 

3/ =a4- a, in which 

100 

M = percentage of total moisture in original paste; 
a = percentage of loss in weight of original paste during first drying; 

5 = percentage of loss in weight of partially dried paste during second diying, 
c = percentage of CO2 remaining in partially dried paste after first drying, and 
d = percentage of total CO2 in original paste. 

CARBON DIOXIDEis OFFICIAL 
59 APPARATUS 

Use a 200 ce Erienmeyer flask closed with a 2-holcd stopper; in one hole fit a 
dropping funnel, allowing the stem to extend almost to the bottom of the flask, and 
thru the other hole pass the outlet of a condenser, which is inclined upward at an 
angle of 30“ from the horizontal. Connect the upper end of the condenser wdh a 
Ca('l2 tul)e, which in turn is connected with a double C-tube filled in the middle 
with pumice fragments, previously saturated with CU&O4 soln (20% Cufe04-5H20) 
and subsequently dehydrated, and with CaCU at either end. Then connect two 
weighed U-tul>es for absorbing the COo, the first filled with porous soda-lime, and 
the second, s with soda-lime and | with CaCU, placing the CaCb at the exit end of 
the train. Attach a Geissler bulb, partly filled with HoSO^, to the last U-tube to 
show the rate of gas flow, and connect an aspirator with the Geissler bulb to draw 
air thru the apparatus, ('onnect an alisorption tower filled with soda-lime to the 
mouth of the dropping funnel to remove CO 2 from the air entering the apparatus. 

(50 determination 

Weigh 2 g of the powder or 10 g of the paste into the Erienmeyer flask and add 
about 20 cc of H2O. Attach the flask to the apparatus, omitting the 2 weighed U- 
tiibes, and draw C0^4vee air thru the apparatus until it displaces the original air. 
Then attach the weighed U-tubes as directed under 59; close the stopcock of the 
<lropping\unnel; pour into it 50 cc of HCl (1+4); reconnect with the soda-lime 
tower; ami allow the acid to flow into the Erienmeyer flask, slowly if there is much 
CO-. rapidly if there is little. When effervescence diminishes, place a low Bunsen 
flame under the flask and start a flow of H2O thru the condenser, allowing a slow 
current of air to flow thru the apparatus at the same time. Maintain a steady but 
quiet ebullition and a slow air current thru the apparatus. Boil for a few min. after 
the H2O has begun to condense in the condenser, then remove the flame and con- 
tinue the aspiration of air at the rate of about 2 bubbles per second unti the 
appaintus is cool. Disconnect the weighed absorption tubes, cool in the balance 
case, and weigh. The increase in weight is CO 2. 
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COPPER 

61 Electrolytic Method — Official 

Dissolve 2 g of the powdered sample in 25 cc of HNO3 (1 +4), dilute to 100 cc, 
and electrolyze, using a rotating spiral anode and a current of about 3 amperes, as 
directed under 14, beginning with “AVash into a weighed 150 cc Pt dish.” 

62 TUomlJate Volumetric Method— Official 

Dissolve 2 g of the powdered sample in about 25 cc of HNO3 (1+4), dilute to 50 
cc, add NHiOH in excess, and heat; then, without removing the precipitate that 
has formed, boil off the excess of NHs, add 3 4 cc of acetic acid, cool, add 10 cc of 
30% KI soln, and titrate as directed u Eider 15, beginning with “titrate with stand- 
ard thiosulfate soln.“ 

BORDEAUX MIXTURE WITH PARIS GREEN 

63 MOISTURE -OFFICIAL 
Proceed as directed under 58. 

64 CARBON DIOXIDE - OFFICIAL 

Proceed as directed under 60. 

65 TOTAL ARSENIC— OFFICIAL 

Proceed as directed under 5 or 8, using 2 g of the s.ample and calculating the re- 
sults as AsiOj, 

66 TOTAL ARSENIOUS OXIDE-OFFICIAL 
Proceed as directed under 23, using 0.5- 1.0 g of the sample. 

67 WATER-SOLUBLE ARSENIOUS OXIDE— OFFICIAL 

Proceed as directed under 27, using 2 g of the samjde and siiglitly acidifying the 
aliquot used with HCl '1^4) l)efore adding the excess of XalK'Oj. 

COPPER 

68 Elcctrohjtic Method I- Official 

Proceed as directed under 14. 

69 Electrolytic Method II— ■Official 

('Preferred Method.) 

Dissolve 2 g of the powdered sample in a 150 cc beaker with 5 cc of UXOj, add 
25 cc of a 3% soln of H202, and warm on a steam bath for 5 10 min. Add 25 cc more 
of H202 soln; dilute to 100 cc; and electrolyze, using a weighed gauze cathode, a ro- 
tating paddle anode, and a current of 2 3 amperes. At the end of about 20 min., add 
1.5-20 cc more of the H2O2 soln. After all Cu is deposited, which should not require 
more than 45 min., and while the current is still flowing, wash the deposit with Il20 
by siphorung. Then interrupt the current, rinse with alcoliol, dry for a few min. in 
an oven, weigh, and calculate the percentage of Chi. (Do not pa.ss the current for 
more than 5-10 min. after all (.hi is depo.sited without adding more of the 11202 soln.) 

70 Thiosulfate Volumetric Method — Official 
Proceed as directed under 15* 
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BORDEAUX MIXTURE WITH LEAD ARSENATE 

71 MOISTURE -OFFICIAL 

Proceed as directed under 58. 

72 CARBON DIOXIDE OFFICIAL 

Proceed as directed under 60. 

73 TOTAL ARSENIC— OFFICIAL 

Proceed as directed under 5 or 8 , using 2 g of the sample and calculating the re- 
sults as AS 2 O 5 . 

74 WATER-SOLUBLE ARSENIC— OFFICIAL 

Proceed as directed under 12 and calculate the results as As 206 * 

COPPER 

75 Eledrolytic Method — Oficial 

Proceed as directed under 14. 

76 Thiosulfate Volumetric Method — Official 
Proeecil as directed under 15. 

77 lead oxide— official 
Proceed as directed under 13. 

LEAD OXIDE AND COPPER 
Electrolytic Meih od^^ — Offi ci al 

78 APPARATUS 

Electrodes.— Co^thode^ a cylindrical platinum electrode, either gauze or plate, 
approximately 50 mm high and 25 mm in diameter. Anode, gauze or plate, approxi- 
mately .50 mm high and 50 mm in diameter. This electrode should be sandblasted. 
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Weigh 1 g of the powdered sample and transfer to a 250 cc beaker. Add 15 cc of 
IK 'l and 5 cc of H Br, and evaporate to dryness on a steam bath. Repeat the treat- 
ment, and finally, to remove the last traces of As, add 20 cc of the HCl and again 
evaporate to drvness. 

To the residue add 25 cc of II 2 O and 15 cc of HNO 3 and heat to boiling, (cau- 
tiously boil until most of the bromides and some of the chlorides are expelled (char- 
acterized bv changes in color, first from brown to green, and then to blue). Evapo- 
rate to (irviicss ou a steam bath. Add 10 cc of H.O aad 15 cc of HNO,, and again 
evaporate to dryness. Take up in 50 cc of H,0 and 12 cc of HNO„ and heat unti 
all salts are in solution. (It is not necessary to filter off any siliceous material that 
may be present.) Dilute to 200 cc and electrolyze overnight, using a current of 0.15 

ampere and a potential of 1.5-2 volts. , r r 

Add 15-^0 cc of H 2 O to the electrolyte and continue to use the current for a tew 
minute If” there is no further deposition on the newly exposed surfaces of the elec- 
trodes, wash them several times with H,0 without breaking the current Finally 
break the current and wash once with methyl or ethyl alcohol. Dry the electrodes 


55 



VI 


METHODS OF ANALYSIS 


ill an oven at 105 - 110 ° for 1 hour. The increase in weight of the cathode represents 
the Cu present in the sample, and the increase in weight of the anode represents the 
lead as PbOs- From the increased weight of the cathode, calculate the percentage 
of Cu in the sample. As the Pb02 is not completely anhydrous, multiply the weight 
found by the factor 0 . 9207 , and calculate the percentage of PbO in the sample. 

BORDEAUX MIXTURE WITH CALCIUM ARSENATE 

80 MOISTURE— OFFICIAL 
Proceed as directed under 58. 

81 CARBON DIOXIDE— OFFICIAL 

Proceed as directed under (50. 

82 TOTAL ARSENIC- OFFICIAL 

Proceed as directed under 5 or 8, using 2 g of the sample and calculating the re- 
sults as AssOi. 

83 WATER-SOLUBLE ARSENIC OFFICIAL 

Proceed as directed under 12 and calculate the results as AS2O5. 

COPPER 

84 Elect robotic Method f—()Jfici(d 
Proceed as directed under 14. 

85 Electrolytic Method If OjJivitil 

Proceed as directed under 69. 

86 Thiosulfate Volumetric }h('thod — Official 
Proceed as directed under 15. 

SODIUM AND POTASSIUM CYANIDES 
CYANOGEN-^ OFFICIAL 

87 REAGENT 

Silcer nitrate soln.—O.l Standardize against pure Xa('l by titration, using 
chromate indicator; or gravimetrically, weighing the chlorifle. 

88 DETERMINATION' 

Break the sample into small lumps in a mortar Cdo not grind). Weigh quickly 
about 5 g in a weighing bottle and wash into a 500 cc volumetric flask containing 
about 200 cc of HjO. Add a little PbCO^ to preciiiitate any .sulfides that may be 
present, dilute to the mark with H2O, mix thoroly, and filter thru a dry filter. Trans- 
fer a 50 cc aliquot to a 400 cc beaker; add 200 cc of H2O, 5 cc of NaOH soln (100 g 
to 1 liter of H2O) and 10 drops of saturated KI soln (or a few crystals); and titrate 
to a faint opaIe.scence with the AgNOs soln. (In making this titration, it is ad- 
vantageous to have the beaker over a black surface.) From the number of cc of 0.1 
.V AgNOs soln used calculate the percentage of (’X in the sami>le. The reaction is 
represented by the equation: 2NaCX -j- AgNOj = Xa('X . Agf'X T NaNO;,; hence 
1 cc of 0.1 iV AgNOj soln =0.005202 g of CX. 
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CHLORINE*! 

Method / — Official 

89 UEA(JENTS 

(a) Arrmonium or potassium thiocyanate soln. — 0.1 'V. Adjust by titrating against 
the 0.1 AgNOa soln, 87. 

(b) Ferric indicator. — A saturated soln of ferric ammonium alum. 

90 DETERMINATION 

Transfer a 50 cc aliquot of the prepared soln, 88, to a beaker, dilute with an equal 
volume of H2O, add 1-2 cc of 40% chloride-free IICIIO soln, stir well, and let stand 
for 15 min. Acidify with HNO3 (1 + 1) (5 cc), add a measured volume of 0.1 .V 
AgNOs soln, 87, sufficient to give an excess, stir well, filter, wa.sh and titrate the 
excess of Ag in the combined filtrate and washings with the 0.1 thiocyanate soln, 
using the ferric indicator. From the number of cc of 0.1 X AgNOs soln, less the 
number of cc of thiocyanate soln used, calculate the percentage of Cl in the sample. 

91 Method — Official 

Transfer a 50 cc aliquot of the prepared soln, 88, to a distilling flask, dilute to 
100-150 cc, acidify with a slight excess of acetic acid, and distil, passing the vapors 
thru a condenser, the delivery end of which dips into a soln of NaOH, to absorb the 
HCN. After all the HCN has been driven off (50 cc of distillate), wash the liquid 
remaining in the distilling flask into a beaker, add 5 ci of HNO3 (1+1) and then a 
measured volume of 0.1 X AgXOs soln, 87, sufficient to give an excess, stir w^ell, 
fdter, wash, and titrate the excess of Ag in the combined filtrate and washings wdth 
thiocyanate soln, 89fa), vising ferric indicator, 89(b). From the number of cc of 
0.1 .V AgXOs soln, less the number of cc of 0.1 .Y thiocyanate soln used, calculate 
the jvercentage of C'l in the sample. 

CALCIUM CYANIDE 

CYANOGEN'-— OFFICIAL 

92 REAGENT 

Soda-lead. — Dissolve 20 g of Fb acetate in H2O, dilute to 1 liter, and add 200 g 
of chloride-free Xa2C03. 

93 DETERMINATION 

Place about 200 cc of H2O in a 500 cc volumetric flask and carefully dry the neck 
of the flask. Weigh about 5 g of the sample in a weighing bottle and transfer to the 
flask with the least ]>ossible exposure to the air. Wash the mixture down into the 
flask and mix by whirling until soln is complete and the small quantity of CaCX 
ha.s been decomposed. Then add 25 cc of the soda-lead, or a quantity sufiicient to 
remove sulfides; close the flask with a rubber stopper and shake thoroly, preferably 
for 30 min. Dilute to the mark, mix, and filter thru a dry filter. Transfer a 50 cc 
.aliquot to a 400 cc beaker and proceed as directed under 88, beginning with “Add 
200 cc of H2O.’’ 1 cc of 0.1 .V AgNOa soln =0.005202 g of ON. To obtain the per- 
centage of (''a(C'N)2, multiply the percentage of CN by the factor 1.7703. 

CHLORINE?^ 

94 Method I — Official 

Transfer a 50 cc aliquot of the prepared soln, 93, to a beaker, and proceed as 
directed under 90. 
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95 Method IP- — Official 

Transfer a 50 cc aliquot of the prepared soln, 93, to a distilling flask, and proceed 
as directed under 91. 


SOAP 

MOISTURE ^5 

96 Xylenfi DisiiUation Method — Offiicial 

Weigh about 20 g of the sample into a 300-500 cc flask; add 50 cc of xylene 
(technical grade is satisfactory): and, to prevent foaming, add about 10 g of lump 


/tth 







FIG. 7.— DFAX AND STARK DISTII>LING TURF Itia'KIVFR 


rosin fdo not use powdered). Distil into a Dean and Stark type distilling tube 
recciver^^ and continue the distillation until no more IDD collects in the receiver. 
Allow the contents of the tube to cool to room temp., read the volume of 1121) under 
the xylene in the tube, and from this volume calculate the percentage of 1120 in 
the sample. 

97 POTASSIUM AND SODIUM?- OFFICIAL 

Dis-solve about 5 g of the soap in II 2 O, decompose with HC'l fl +4), liltcr ofT the 
H 2 O, and wash the fat with cold H 2 D. Determine both K and Na in the filtrate 
as directed under XII, 14 and 15. 
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MINERAL OILS 

98 UNSULFONATED RESIDUES^— OFFICIAL 

Pipet 5 cc of the oil into a Babcock cream bottle about 15 cm (6 inches) long 
(either the 9 g 50% or the 18 g 30% type). To reduce the viscosity of heavy oils, 
warm the pipet after a preliminary draining by drawing it several times thru the 
flame of a Bunsen burner and drain thoroly. If greater accuracy is desired, weigh 
the measured charge and calculate its exact volume from the weight and sp. gr. of 
the oil. Add slowly 20 ce of 38 N H2SO4, VIII, 18, gently shaking or rotating the 
bottle and taking care that the temp, docs not rise above 60°. Cool in ice II2O if 
necessary. When the mixture no longer develops heat on shaking, agitate thoroly, 
place the bottle in a water bath, and heat at GO G5° for 10 min., keeping the con- 
tents of the bottle thoroly mixed by shaking vigorously for a period of 20 seconds 
at 2 inin. intervals. Remove the bottle from the bath and fill with H2SO4 until the 
oil rises into the graduated neck. Centrifuge for min. (or longer if necessary to 
obtain a constant volume of oil) at 1200-1500 r.p.m. Read the volume of unsul- 
fonated residue from the graduations on the neck of the bottle and, to convert to 
cc, multiply the reading from the 9 g 50% bottle by 0.1 and that from the 18 g 30% 
bottle by 0.2. From the result thus obtained calculate the percentage by volume of 
the unsulfonated oil. 


MINERAL OIL— SOAP EMULSIONS 

WATER27 

99 Xylene Distillation Method — Official 

Weigh aliout 25 g of the sample and proceed as directed in 96, except to use a 
smaller quantity of rosin. 

100 TOTAL OIL^— OFFICIAL 

Weigh about 10 g of the sample into a Babcock cream bottle, 98. Dilute with 
about 10 cc of hot H2O and add 5-10 cc of H2SO4 (H-l). Set the bottle in a hot 
water bath for about 5 min. to hasten the separation of the oil, add sufficient satu- 
ratetl NaCfl soln to bring the oil layer within the graduations on the neck of the 
bottle, whirl at a rate of 1200 r.p.m. for 5 min., and allow to cool. Read the volume 
of the oil layer, determine its density, and from these values calculate its weight and 
percentage. From this percentage value, deduct the percentage of fatty acids (and 
phenols if present) determined separately, to obtain the percentage of oil in the 
sample, 

101 SOAP-- OFFICIAL 

(In this method error will result if the apparent molar weight of the fatty acids 
varies appreciably from that of oleic acid.) 

Weigh 20 g of the sample into a separatory funnel, add GO cc of petroleum ether, 
and extract the mixture once with 20 cc and four times with 10 cc of 50% alcohol. 
Break the emulsion if necessary with 1 or 2 cc of a 20% soln of NaOH, allowing the 
soln to run down the side of the separatory funnel, whiidi is then gently twirled and 
allowed to stand for a few min. Draw ofl the alcoholic layers and wash them suc- 
cessively thru ])etroleum ether contained in 2 other separatory funnels. Combine the 
alcoholic extracts in a beaker and evaporate on a steam bath to remove the alcohol. 
Dissolve the residue in about 100 cc of HsO made alkaline with NaOII. Transfer to 
a separatory funnel, acidify with HCI or H2SO4, extract 3 times with ether, and wash 


59 



VI 


METHODS OF ANALYSIS 


the ether extracts twice with H2O. Combine the ether extracts, evaporate in a 
weighed beaker on a steam bath, and weigh as fatty acids. From the weight of fatty 
acids calculate the percentage of soap in the sample as Na- or K-oleate. 

102 UNSULFONATED RESIDUE— OFFICIAL 

Using 5 cc of the recovered oil, proceed as directed under 98. 

103 ASH -^—OFFICIAL 

Evaporate 10 g of the sample, or more if necessary, in a Ft dish; ignite, and leach 
the charred mass with HeO. Ignite the residue, add the teachings, evaporate to dry- 
ness, ignite, and weigh. From this weight calculate the percentage of ash. Test the 
ash for Cii, Ca, CaFo, etc, 

SODA LYE 

CARBONATE AND HYDROXIDE^'*— OFFICIAL 

104 reagents 

I a) Fhcnolphlhah in -Dissolve 1 g of j)benol])hthaIein in 100 cc of 

neutralized alcohol 95^ by volume. 

! b) Barium chloride solu. — Dissolve 100 g of and dilute to 1 liter. 

105 detkumination 

Weigh about 10 g of the sam])le from a weighing bottle, dissolve in ('O^-free IDO. 
and dilute to a definite volume. Titrate an aliquot of this soln with the 0.5 A lICl. 
II, 19' ab using the methyl orange indicator, 3 f), and note the total alkalinity thus 
found. Transfer an equal aliquot to a volumetric flask and add enough of the BaCD 
soil! to precipitate all the carbonate, avoiding any unnecessiiry excess. Dilute to the 
mark with OO^-free H2O, stopper, .'hake, and set aside, ^^ hen the lic[uid becomes 
clear, pipet off one-half and titrate with the 0.5 A’ IK ’I, using tlie phenol])hthaIein 
indicator. The number of cc of 0.5 A* acid requiro<l for this titration, nndti])lietl by 
2, gives the number of cc of 0.5 A* acid equivalent tu the XaOH present in the 
original aliquot. The difference between this figure and the nnml)er of (“c of 0.5 A 
HCI required for the total alkalinity represents the nunther of ec of 0.5 A' acid 
equivalent to the XaT'Dri present in the alitpiot. ( alcuiate the pert'cntages of 
NaK/Os and NaOIl present in the sample. 

TOBACCO AND TOBACCO EXTRACT 

NICOTINE 

Silicolungstic Acid MidhnrP^ — OJJicinl 

106 rp:.\gents 

-a) SilicotungHic acid noln.- Dissolve 120 g of silicotungstic acid i4H20.Si02.- 
r2WO3.22H20) in H.O and <liiute to 1 liter. T)f the*scvcral si!i(‘otnngstic acids, 
4H20.Si02.1()^^^)J.3I^0 and tlDD-SiOz. 12W()5. 201120 do not give crystalline 
precipitates with nicotine anri should not be used.) 

107 UK TKllMINATION 

Weigh :^uch a quantity of the preparations as will contain preferably 0. 1-1.0 g 
of iiifKjtine Of the sample cf>ntairis very little nicotine, i.e., 0.1%, do not 

increase the (piantity to the ))oint ssdiere it int(*rferes witli tlio <listillation); wash 
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with tloO into a 500 cc round-bottomed distillation flask; and add a little paraffin 
to prevent frothing, a few small pieces of pumice, and a slight excess of NaOH soln, 
3(d), using phenolphthalein indicator, 104(a). Distil rapidly in a current of steam 
thru a wcll-coolcd condenser, connected by means of an adapter with a suitable 
flask containing 10 cc of HCl (l-f4). When distillation is well under w-ay, heat the 
distillation flask to reduce the volume of the liquid as far as practicable without 
bumping or undue separation of insoluble matter. Distil until a few cc of the dis- 
tillate shows no cloud or opalescence w^hen treated with a drop of the silicotungstic 
acid and a drop of llCl (1 -f 4). Confirm the alkalinity of the residue in the distilla- 
tion flask with the phenolphthalein indicator. Make the distillate, w^hich may 
amount to 1000 1500 cc, to a convenient volume (the soln may be concentrated on 
the steam bath without loss of nicotine); mix w-ell; and pass thru a large dry filter 
if not clear. Test a portion with methyl orange, 3(f), to confirm its acidity. Pipet an 
aliquot, containing about 0.1 g of nicotine, into a beaker (if the samples contain very 
small quantities of nicotine, an aliquot containing as little as 0.01 g of nicotine may 
be used); add to each 100 cc of liquid 3 cc of the dilute HCl, or more if the necessity 
is indicated by the lest with methyl orange, and 1 cc of the silicotungstic acid for 
each 0.01 g of nicotine supposed to be present. Stir thoroly and let stand overnight. 
Before filtering, stir the precipitate to see that it settles quickly and is in crystalline 
form, filter on an ashless filter, and w'ash with cold HCl (l-f-lOOO). 'I'ransfer the 
paper and precipitate to a weighed Ft crucible, dry carefully, and ignite until all 
C is destroyed. Finally heat over a Meker burner for not more than 10 min. W eight 
of residue X 0.11 40 = weight of nicotine present in the aliquot. 

FORMALDEHYDE SOLUTIONS 
FORMALDEHYDE 

Hydrogen Peroxide Official 

108 REAGENTS 

(a) Sulfuric acid. — 1 Prepare as directed under II, 19(b). 

(b) Sodium hydroxide soln — 1 N. Standardize against (a), using the litmus or 
bromothymol blue indicator. 1 cc = 30.02 mg. of Ht'HO. 

(c) Hydrogen peroxide soln. — Commercial, containing about 3% of H 2 O 2 . If acid, 
neutralize with the 1 N NaOH, (b), using litmus or bromothymol blue indicator. 

(d) Liimus indicator. — A soln of purified litmus of sufficient strength that 3 drops 
will impart a distinct blue color to 50 cc of H 2 O. 

(e) Bromothymol blue indicator. — Dissolve 1 g of bromothymol blue in 500 cc of 
alcohol, 50% by volume. 

109 determination 

Measure 50 cc of the 1 N NaOH into a 500 cc Erlenmeycr flask and add 50 cc of 
the H 2 O 2 . Then add a weighed quantity, about 3 g, of the sample, allowing the 
point of the w eighing pipet to reach nearly to the liquid in the flask. Place a funnel 
in the neck of the flask and heat on a steam bath for 5 mim, shaking occasionally. 
Remove from the steam bath, w^ash the funnel with HoO, cool the flask to about 
room temp., and titrate the excess NaOH w ith the 1 A acid, using the bromothymol 
blue or litmus indicator. (It is necessary to cool the flask before titration with the 
acid in order to obtain a sharp end point with the litmus.) From the amount of 1 A' 
NaOH consumed and the weight of the sample calculate the percentage of HCHO, 
according to the following equation: 
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Na0H4-HCHO4-H80» = HGOONa+2H,O 

If the HCHO soln contains an appreciable quantity of free acid, titrate a separate 
portion and calculate the acidity as percentage of formic acid. Make correction for 
this acidity in calculating the percentage of HCIIO. 

Cyanide Method^^ — Official 
(Applicable only to dilute solutions.) 

110 REAGENT 

Potassiu}n cyanide soln . — Dissolve 3.1 g of KCN in 500 cc of HjO. 

111 DETERMINATION 

Treat 15 cc of 0.1 .V AgNOs soln, 87, with 6 drops of HNOs (1+1) in a 50 cc 
volumetric flask, add 10 cc of the KCN soln, dilute to the mark, shake well, filter 
thru a dry fiiter, and titrate 25 cc of the filtrate with O.l N NH4SCN, 89(a), as 
directed under XII, 37. Acidify another 15 cc portion of 0.1 A" AgNOs with 6 drops 
of the dilute HNO3 and treat with 10 cc of the KCN soln to which ha.s been added 
a measured quantity (the weight must be calculated from the sp. gr.) of the sample 
containing not over 25 mg of HCHO. Dilute to 50 cc, filter, and titrate a 25 cc ali- 
quot with the 0.1 .V NH^SCN for the excess of Ag as before. The difference between 
the cc of NH4SCN used in these 2 titrationsX2 =the cc of 0.1 .V NlHSt'N cor- 
responding to the KCN used by the HCHO. Calculate the percentage of HCHO 
present. 1 cc of 0.1 A" NII4SCN = exactly 3 mg of HCHO, 

LIME-SULFUR SOLUTIONS 

TOTAL SULFUR**— OFFICIAL 

112 PREPARATION OF SAMPLE 

Weigh about 10 g of the soln, transfer to a 250 cc volumetric flask, and immedi- 
ately dilute to the mark with recently boiled and cooled H2O. Mix thoroly and trans- 
fer to a number of small bottles, filling them completely and avoiding contact of 
the soln with air as much as possible. Stopper the bottles, seal with paraffin, and 
preserve in a dark, cool place. 

113 DETERMINATION 

''Sulfur-free reagents should be used.) 

Dissolve 2-3 g of Na202 in 50 cc of cold H2O in a 250 cc beaker. Transfer a 10 cc 
aliquot of the prepared soln to this aqueous soln of Na202, keeping the tip of the 
pipet constantly just under the surface of the liquid until necessary to raise it for 
drainage at the end. Use a clean dry pi])et for measuring each portion. Cover the 
beaker with a watch-glass and heat on a steam bath, with occasional stirring, until 
all the S is oxidized to sulfate (indicated by the disappearance of the yellow color). 
Wa.sh off the watch-glass and the sides of the beaker, acidify with HCl (1+4), 
evaporate to complete dryness, treat with IDO acidified with H(fl, boil, and filter 
to remove SiOz. Dilute the filtrate to 300 cc, add 50 cc of IICl, heat to boiling, and 
add 10% BaCK soln (11 cc for 1 g of BaS04) with constant stirring, at such a rate 
that about 4 min. is required for running in the necessary quantity. (The rate may 
be regulated by attaching a suitable capillary tip to a buret containing the BaCK 
soln.) Evaporate to dryness on a steam bath, take up with hot HjO, filter thru a 
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quantitative filter, v^ash until free from chlorides, ignite carefully, and heat to con- 
stant weight over a Bunsen burner. Calculate the percentage of S from the weight 
of RaSO^, using the factor 0.1374. 

MONOSULFIDE EQUIVALENT'S— TENTATIVE 

114 REAGENT 

Iodine soln. — 0.1 V. Prepare as directed under 3(b), using 12.7 g of 1 and 25 g 
of KI. 

115 DETERMINATICy; 

Dilute 10 cc of the prepared soln, 112 , to about 30 cc with recently boiled and 
cooled H 20 and titrate with the 0.1 I soln until the yellow color just disappears. 
(There should be no difficulty in determining this end point; if there is, a small 
crystal of Na nitroprusside may be used, but it must not be added until the end 
point is practically reached, because the blue color, if well developed, cannot be 
destroyed except by an excess of I.) From the number of cc of 0.1 AT soln used calculate 
the percentage of monosulfide equivalent. Icc of 0.1 VI = 0.0016 g of S as monosulfide 
equivalent. 


THIOSULFATE SULFUR 

Zinc Chloride Method^^ — Official 

1 16 REAGENT 

Ammoniacal zinc chloride soln . — Dissolve 50 g of pure ZnCl 2 in about 500 cc of 
H 2 O, add 125 cc of XH 4 OH and 50 g of NH 4 CI, and dilute to 1 liter. 

117 DETERMINATION 

To 50 cc of H 2 O in a 200 cc volumetric flask, add, in the manner indicated under 
113, 50 cc of the soln prepared as directed under 112 , Add a slight excess of the 
ammoniacal ZnClj soln and dilute to the mark. Shake thoroly and filter thru a dry 
fdter. To 100 cc of the filtrate add a few drops of methyl orange or methyl red in- 
dicator, 3(f) or II, 19(i), and exactly neutralize with 0.1 K HCl. Titrate the neutral 
soln with 0.05 N I soln, 3(b), using a few drops of starch indicator, 3(e). From the 
number of cc of I soln used calculate the percentage of thiosulfate S present. As the 
value of the I soln is given in terms of AS 2 O 3 , multiply this value by 1.296 to obtain 
the equivalent of thiosulfate S. 

118 I odme Titration Method^ — Tentative 

Continue the titration of the soln used in the determination of the monosulfide 
equivalent, 115, with the 0.1 AM soln, letting the I act as its own indicator until a 
small drop produces a slight permanent coloration. From the number of cc of 
0.1 A" I used calculate the percentage of thiosulfate S. 1 cc of 0.1 N I =0.0064 g 
of S as thiosulfate. 


SULFIDE SULFUR 

119 Zinc Chloride Meihod^^ — Offiicial 

To 10-15 cc of H 2 O in a small beaker add, in the manner indicated under 113, 
a 10 cc aliquot of the soln prepared as directed under 112 . Calculate the quantity of 
ammoniacal ZnClz soln, 116, necessary to precipitate all the S in the aliquot and 
add a slight excess. Stir thoroly, filter, wash the precipitate twice with cold H 2 O, 
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and transfer the filter paj^er and precipitate to the beaker in which the precipitation 
was made- Cover with H 2 O, disintegrate the paper with a glass rod, and add about 
3 g of Xa202, keeping the beaker well covered with a watch-glass. Warm on a steam 
bath with frequent shaking until all the S is oxidized to sulfate, adding more NaiOj 
if necessary. Mal^c slightly acid with HCl (1 +4), filter to remove shreds of the filter 
paper, wash thoroly with hot H 2 O, and determine the S in the filtrate as directed 
under 113. 

120 Iodine Titration Method^— Tv ntativv 

Allow the soil! from 118 to stand several hours with occasional stirring, or acidify 
with a few drops of HCl (1 +4); warm gently with stirring, filter, and wash thoroly 
with warm H 2 O. Place the filter paper with the Sin a small vessel and dissolve the 
S in about 15 cc of XaOH soln, 3(d), by heating gently on a steam or water hath 
for 1-1.5 hours (do not boil). Keep the flask covered and shake gently a few times 
during the digestion to remove the S from the sides. Oxidize l)y adding 2-3 g of 
Xa202 dissolved in 50 cc of cold H 2 O and complete the determination as directed 
under 113, beginning with “Cover the beaker with a watch-glass,’’ 

121 Indirect Method — Tentative 

The difference between the total S and the sum of the thiosulfate S and sulfate 
S is the sulfide S. 

SULFATE SULFUR 

122 Zinc Thloriiie Method — OiJidal 

Slightly acidify the soln from the determination of thiosulfate S, 117, with HCl 
fl'f4), heat to boiling, add slowly and with constant stirring a slight ex(a'‘ss of a 
10% BaCh soln, boil for 30 min., allow to stand overnight, and filter. Calculate tlie 
S from the weight of BaS 04 , and report as % of sulfate S. 

123 Iodine Titration Method'^—Tentalire 

To the filtrate from the determination of thiosulfate S, 118, add several drops of 
HCl, precipitate in the cold with 5 cc of 10% liaCh soln, allow to stand overnight, 
and filter. Calculate the S from the weight of BaSO^, and report as pereentage of 
sulfate S. 

124 TOTAL LIME^^- OFFICIAL 

To 25 cc of the soln, prepared as directed under 112, add 111 ce of H('l, evaporate 
to dryness on a steam bath, treat with Ibd) and a few cc of HCl fl -f-4), warm until 
all the CaClg is dissolved, and filter to remt)Ve S and any SK) . that may Im present. 
Dilute the filtrate to a volume of 200 250 ee, heat to boiling, add a f(^w cc of XH^OH 
in excess, and then an excess of a saturatefl soln of iXH 4 ) 2 C 204 . Continue the boiling 
until the precipitated (hiC.' 2 (J 4 assumes a well defined granular form, allow to stand 
for an hour, filter, and wa.sh a few times with hot II 2 O. Ignite in a Pt crucible over 
a blast lamp to con.stant weight and calculate to pereentage of ('aO. 

ORGANIC MERCURIAL SEED DISINFECTANTS 

MERCURY 

V ohililization M ethod^ — ‘Ojjinai 

125 AI’i’AUATL'S 

The apparatus fPig. 8) consists of 2 flanged crucibles that can l)o clamped mouth 
to mouth by means of 2 rings and screws. The lower crucible is made of Fe ami flie 
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upper one of Au. The opening of the Au crucible is slightly larger than that of the 
other, so that there will be no tendency for the Hg to lodge in the joint between 
the two flanges. The Au crucible is fitted with a cooling device by which H 2 O may 
be slowly circulated through a large tube attached to it by Gooch tubing. The 
assembled apparatus rests on an asbestos board having a hole just large enough 
to receive the crucible. 



FIG. 8.— .^PP.^'RATUS TO BE USED IN VOLATILIZATION MEPflOD 
126 determination 

Weigh 1 g of the sample into the Fe crucible and mix it thoroly with 5 g of an- 
hydrous Na 2 C 03 . Cover the mixture with a thin layer of NaaCOa and then with 10 g 
of finely powdered BaCO:^. Put the weighed Au crucible in place, clamp the two 
together, set the Fe crucible in place in the asbestos board, start the cooling H 2 O, 
and gently heat the Fe crucible. Do not run the H 2 O too fast because the Hg amal- 
gamates best with the Au crucible if the temp, is allowed to rise to about 50°. Heat 
below red heat for 80 min., cool, remove the Au crucible, wash it with 95% alcohol, 
dry with the heat of the hand, and then place in a CaCh desiccator until it attains 
constant weight- Calculate the increase in weight of the Au crucible as percentage 
of metallic Hg in the sample. If the product contains more than 12% Hg, use less 
than 1 g because the Au crucible can safely retain approximately 0.12 g of Hg. 
Remove the Hg from the Au crucible, preparatory to another experiment, by a short 
ignition at a dull red heat under a hood having a good draught. (Ihe crucible will 
melt in the full heat of a Bunsen burner.) 
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Precipitation Method^ — Official 

127 REAGENT 

Hydrogen peroxide soln. — 30%. Commonly designated as ''perhydrol” or ‘^super- 
oxol." 

128 DETERMINATION 

Place 0.5-2.0 g of the sample, depending on the quantity of Hg present, in a 200 
cc Erlenmeyer flask, fitted with an air condenser by means of a ground-glass joint. 
Add 10 cc of H2SO4, connect the flask to the condenser, and rotate in order to bring 
all the sample into contact with the acid. Then add dropwise thru the condenser 
tube 3-5 cc of the II2O2 soln, and mix by rotation of the flask. After the active re- 
action has subsided, heat over a low flame for 15-20 min., add 5 cc more of the 
H2O2, and continue the heating until all organic matter is destroyed (indicated by 
a clear soln), adding more H2OZ if necessary. Remove the flask from the heat, allow 
to cool, wash down the condenser, and transfer the contents to a beaker, filtering 
if necessary. Dilute to about 200 cc and destroy the excess of H2O2 by titration with 
KMnO^ soln. Precipitate the llg with II2S, filter thru a weighed Gooch crucible, 
and dry the precipitate in the oven at 105-110°. Extract the dried precipitate with 
CSj to remove any precipitated S, again dry, and weigh. From the weight of HgS 
calculate the percentage of metallic Hg, using the factor 0.86219. 

SODIUM HYPOCHLORITE SOLUTIONS-^^ 

SODIUM HYPOCHLORITE— OFFICIAL 

Arsenious Oxide Titration Method 

129 KEA(iENTS 

(a) Arsenious oxide soln. — 0.1 .V, Dissolve exactly 2.474 g of pure As^Os in a 
beaker by boiling with 150 200 cc of H2O containing 10 cc of IGSO*. Cool, transfer 
to a 500 cc volumetric flask, and dilute to the mark. 

^b) Standard iodine soln. — Prepare as directed under 3(b). Standardize against 

(a). 

130 DETERMINATION 

Transfer a 20 cc aliquot of the sample to a liter volumetric flask and dilute to 
volume. Pipet a 50 cc aliquot of the mixture into a 200 cc Erlenmeyer flask. Add the 
standard AS2O3 soln in excess and then add a decided excess of NaHGOj. Titrate the 
excess of AS2O3 with the standard I soln, using starch soln, 3(e), or the I as indicator. 
Subtract the volume of the I soln, corrected to 0.1 A', from the volume of AS2O3 soln 
used, and calculate the percentage of XaOGl. 1 cc of 0.1 A' AS2O3 soln =0.003723 g 
of NaOCl. 

131 AVAILABLE CHLORINE— OFFICIAL 

Calculate the percentage of available chlorine from the titration described under 
130. 1 cc of the 0.1 N AS2O3 = 0.003546 g of available Cl. 

132 CHLORIDE CHLORINE— OFFICIAL 

Pipet a 50 cc aliquot of the prepared soln, 130, into a 200 cc Erlenmeyer flask 
and add a slight excess of the AszOj soln, 129(a), calculated from the NaOCl titra- 
tion; add a slight excess of HNO3, neutralize the soln with CaCOj, and titrate with 
0.1 A' AgNOj, 87, using K2O04, 11, 52(b), or the Na arsenate formed in the soln 
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aa indicator. Run a blank determination on the reagents and make correction for 
any Cl found. From this corrected titration and the sp. gr. of the sample calculate 
the percentage of Cl. From this value subtract one-half of the percentage of avail- 
able Cl. The difference is the percentage of chloride chlorine. 

133 SODIUM HYDROXIDE— OFFICIAL 

Pipet 25 cc of the sample into a 250 cc volumetric flask, and add sufficient H 2 O 2 
soln that is neutral to phcnolphthalein to destroy NaOCl. Mix well and add suffi- 
cient neutral 10% BaCU soln to precipitate the carbonates, make to volume, mix 
thoroly, and filter thru a dry filter. Pipet 50 cc of the filtrate into an Erlenmeyer 
flask and titrate with 0.1 N HCl, using phenolphthalein as indicator, 104(a). From 
this titration and the sp. gr. of the sample, calculate the percentage of NaOH. 

CARBON DIOXIDE— OFFICUL 

134 APPARATUS 

Connect^an evolution flask, to which is attached a dropping funnel protected by 
a tube containing soda lime, to a condenser or a Kjeldahl distilling trap, which 
in turn is connected to two wash bottles containing 10% KI soln, Use glass beads 
or other device in the wash bottles to cause the gas to flow slowly thru the 
liquid. End the train with a Meyer absorption tube containing 0.1 N Ba(OH )2 sola. 

135 DETERMINATION 

Pipet a suitable aliquot of the sample (5-20 cc, governed by the quantity of CO 2 
present) into the evolution flask, and attach the flask to the train. Place 50 cc of 
0.1 N Ba (OH ) 2 soln in the Meyer tube, and add 35-50 cc of H 2 O 2 soln (or a suffi- 
cient quantity to reduce the hypochlorite) thru the dropping funnel into the 
evolution flask. After the action due to the H202 has ceased, add 30 cc of HCl (1 +3), 
heat the flask to boiling, and draw air slowly thru the apparatus. (The evolved 
gases will be freed from Cl by the KI in the wash bottles, and the CO 2 will be ab- 
sorbed in the standard Ba(OII )2 in the Meyer tube.) Draw the air thru the 
apparatus for 20 min., disconnect the Meyer tube, and pour its contents into a 
beaker. Wash out the tube, adding the washings to the contents of the beaker. 
Filter, wash, and titrate the filtrate and washings with 0.1 N HCl, using phenol- 
phthalein as indicator, 104(a). From the number of cc of Ba(OH )2 used and the 
sp. gr, of the sample, calculate the percentage of CO 2 . 1 cc of 0.1 N Ba(OH )2 = 
0.00220 g of COa. 

CALCIUM HYPOCHLORITE AND BLEACHING POWDER^^ 

AVAILABLE CHLORINE— OFFICIAL 

136 Arsenious Oxide Titration Method 

Weigh 5-10 g of the thoroly mixed sample into a porcelain mortar, add 30-40 cc 
of H 2 O, and triturate until a smooth cream is obtained (in the case of high-test 
Ca(OCl) 2 , the sample will dissolve readily and will not form a cream.) Add more H 2 O, 
stir well with the pestle, and allow the insoluble residue to settle for a few moments. 
Pour the mixture off into a liter, volumetric flask, add more HaO, and thoroly tri- 
turate the sample and pour off as before. Repeat the operation until all the material 
has been transferred to the flask. Rinse the mortar and pestle, catch the wash H 2 O 
in the flask, dilute the soln to the mark, and mix. Without allowing the material 
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to settle, pipet a 25-50 cc aliquot into a 200 cc Erlenmeyer flask. Add the standard 
AS2O3 soln, 129(a), in excess and then add a decided excess of NaHCOj. Titrate the 
excess of AS2O3 with the standard I soln, 129(b), using starch soln, 3(e), or the I as 
indicator. Subtract the volume of the I soln, corrected to 0.1 N, from the volume 
of AS2O3 soln used, and calculate the percentage of available Cl. 1 cc of 0.1 N 
AS2O3 =0.003546 g of available Cl. 

CHLORAMINE-T^s 

ACTIVE CHLORINE—OFFICIAL 

Arsenious Oxide Titration Method 

137 REAGENTS 
Use the reagents described under 129. 

138 determin.ytion 

Transfer 0.5 g of the sample to a 300-500 cc Erlenmeyer flask, dissolve in 50 cc 
of H2O, and add an excess of the standard AsjOs soln, 129(a), and 5 cc of H2SO4 
(1+4). Add a decided excess of XaHCOs and titrate the excess .\s2O3 with standard 
I soln, 129(b), using starch soln, 3(e), or the I as indicator. From this titration 
calculate the active Cl in the sample. 1 cc of 0.1 .V As.Os soln =0.001773 g of active 
Cl. 

139 TOTAL CHLORINE- OFFICIAL 

Dissolve 0.5 g of the sample in 50 cc of HnO in an Erlenmeyer flask and add a 
slight excess of the standard AsaOa soln calculated from the active Cl titration, 138. 
Add 5 cc of HXO3 n +4), neutralize with CaCOs, and titrate with standard AgXOj, 
87, using IvnCr04, II, 52(b), as indicator. Run a blank titration on the reagents and 
make correction for any C'l found. From the corrected titration calculate the per- 
centage of total Cl in the sample. 1 cc of 0.1 .V .\gXO3 = 0.003546 g of Cl. if the 
total (3 exceeds the active Cl, the presence of XaCl is indicated. 

140 SODIUM-^OFFICIAL 

\\eigh 0.5 g of the sample in a silica or porcelain dish and add ai>out 25 cc of 
IliO and 3-0 cc of H2SO4 (1 +4). Evaporate to a sirupy consistency on a steam bath 
and finally to dryness on a hot plate. Ignite at the full heat of a Hunsen burner, cool, 
and weigh as Xa2804. (The residue should be completely soluble in FUG and should 
show no turbidity with XFUOtl and (XH4)2('03.) Test with a flame for Xa. If the 
residue meets these tests it may be considered j)ure Xa2.S04. From the weight of 
the re.sidue calculate the percentage of Xa in the sami>le. 

PHENOL COEFFICIENT^^ TENTATIVE 

141 I, USING EBERTHELLA TYPHOSA 

(Applicable to the testing of coal tar di.sinfectants that are miscible with II2O 
and to other disinfectant-s that are miscible with H.O and act against bacteria in a 
manner gimiJar to phenol. False values are obtained from certain products that 
are highly inhibitory, such a.s mercury compounds, and the values obtained from 
testing oxidizing products may be highly misleading.) 

142 REAGENTS 

(a) (. ulture media.- (1) A utrieut broth: Boil 5 g of Lii;big’s l)e(‘f extraef, 5 g of 
Xa(T, and 10 g of Armour’s {>eptone ((pjality specially i>rcparcd for di.sinfcctant 
testing) in 1000 cc of Jf20 for 20 min., make up to volume with Il20, and adjust 
to pH 6,H ''using a colorimetric method, adjust the broth to give a dark green color 
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with bromothymol blue). Filter thru paper, place 10 cc amounts in 20X150 mm 
bacteriological test tubes, plug with cotton, and sterilize at 15 lbs. pressure for 40 
min. Use this broth for daily transfers and for subcultures. (2) N'uirient agar: Dis- 
solve 1.5% Bacto agar (Difeo) in nutrient broth and adjust to pH 7.2-7.4 (which 
gives a blue-green color with bromothymol blue), tube, plug with cotton, sterilize, 
and slant. 

(b) Test organism. — The Hopkins strain of Eberikella iypkosa (Zopf) Weldin 
(frequently called Bac. typhosus). Carry a stock culture on nutrient agar slants. 
Transfer once a month and incubate new stock transfer for 2 days at 37°, then 
store at room temp. 

From the stock culture inoculate a tube of nutrient broth and make at least 4 
consecutive daily transfers (not over 30) in nutrient broth, incubating at 37°, before 
using the culture for testing (if only 1 daily transfer has been missed it is not neces- 
sary to repeat the 4 consecutive transfers). Use a 22-26 hours’ culture of the organ- 
ism grown in nutrient broth at 37° in the test. Shake, and allow to settle 15 min. 
before using. 

(c) Bhenol .^^ — Use phenol that meets the requirements of the U.S.P, and has a 
congealing point 40° or above. Use 5% soln as a stock soln and keep in well- 
stoppered amber bottles in a relatively cool place, protected from light. Standardize 
with 0.1 X bromine or Na bromide and bromate soln.^^ 

143 APPARATUS 

(a) Glassware. — 1, 5, and 10 cc volumetric pipets; 1, 5, and 10 cc Mohr, pipets 
graduated to 0.1 cc or le.ss; 100 cc stoppered cylinders graduated in 1 cc divisions. 
Fyrex lipped test tubes 25X150 mm. Plug the test tubes (medication tubes) with 
cotton wrapped in 1 layer of cheese cloth. Sterilize all glassware in a hot air oven 
at 180° for 2 hours. Place pipets in closed metal containers before sterilizing. 

(b) Water hath. — An insulated relatively deep water bath with a cover having at 
least 10 well-spaced holes which admit the medication tubes but not their lips. 

(c) Hacks.— be of any convenient style. Blocks of wood (size depending 
somewhat on the incubator to accommodate them) with deep holes are satisfactory. 
Have the holes well-spaced to insure quick manipulation of the tubes; and it is 
convenient to have them large enough to admit the medication tubes while dilu- 
tions are being made. 

(d) Transfer Zoop. - Make a 4 mm (inside diameter) single loop at the end of a 
No. 23 B S Gage Ft. wire 2 3 in. long, and have the other end in a suitable 
holder (glass or aluminum rod). Bend the loop at a 30° angle with the stem (Fig. 9). 

144 PROCEDURE 

Make a 1 % stock dilution of the substance to be tested (or any other convenient 
dilution, depending on the anticipated strength) in a glass-stoppered cylinder. 
Make the final dilutions, from the 1 % stock dilution, directly into the medication 
tubes and remove all excess over 5 cc. (The range of dilutions should cover the 
killing limits of the disinfectant within 5 and 15 min. periods and should at the same 
time be sufficiently close for accuracy.) From the 5% stock soln make a 1-90 and a 
1-100 dilution of the phenol directly into medication tubes. Place these tubes, con- 
taining 5 cc each of the final dilutions of disinfectant and of phenol, in the water 
bath at 20° and leave for 5 min. Add 0.5 cc of the test culture to each of the dilu- 
tions at time intervals corresponding to the intervals at which the transfers are to 
be made, (Thus, by the time 10 tubes have been seeded at 30 second Intervals, 4.5 
min. will have elapsed, and a 30 second interval intervenes before the transference 
to the sub-cultures is commenced.) Add the culture from a graduated pipet of 



VI 


METHODS OF ANALYSIS 


sufficient capacity to seed all the tubes in any one set. (As a precautionary measure 
the pipet should be loosely plugged with cotton at the mouth end before being 
sterilized. The temp, of the culture should be practically that of the water bath 
before it is added.) 

In inoculating the medication tubes, hold them in a slanting position after re- 
moval from the bath, insert the pipet to just above the surface of the disinfectant, 
and run in the culture without allowing the tip to touch the disinfectant. After 
adding the culture, agitate the tubes gently but thoroly to insure even dis- 
tribution of the bacteria, and replace in the bath; 5 min. after seeding the first 
medication tube, transfer 1 loopful of the mixture of culture and diluted disinfectant 
from the medication tube to the corresponding sub-culture tube. To facilitate the 
ol wmlorm Wve One IuVjc 



FIG- 9.— TRANSFER LOOP AND MANNER OF USING IN DETERMINATION 
OF PHENt>L COEFFICIENT 

and withdraw the Loop so that the plane of the loop is parallel with the surface of 
the liquid (see Fig. 9). At the end of 30 seconds, transfer a loopful from the second 
medication tube to the second sub-culture tube and continue the process for each 
successive dilution; 5 min. after making the first transfer, begin a second set of 
transfers for the 10 min. period, and finally repeat for the 15 min. period. Before 
each transfer heat the loop to redness in the Bunsen flame and flame the mouth of 
every tube. Sterilize the loop immediately after each transfer (before replugging 
the tube.s) to allow time for cooling. Use care in transferring and seeding to prevent 
the pipet or needle from touching the sides or mouth of the medication tube and 
see that no cotton threads adhere to the inner sides or the mouth of the tubes. 
Incubate the sub-cultures at 37'^ for 48 hours and read results. Macroscopic exam- 
ination is usually sufficient. Occasionally a 3-day incubation period, an agar streak, 
a microscopical examination, or agglutination with antityphoid serum may be 
nece.s8ary to determine feeble growth or suspected contamination. 
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CALCULATION 


Express the results in terms of the phenol coeflident, a number obtained by 
dividing the numerical value of the greatest dilution (the denominator of the fraction 
expressing the dilution) of the disinfectant capable of killing Eb, typkosa in 10 
min. but not in 5 min. by the greatest dilution of phenol showing the same results. 

Example: 


5 MIN. 


Disinfectant (X): 

1-300 0 

1-325 + 

1-350 + 

1-375 -V- 

1-400 + 

Phenol: 

1-90 + 

1-100 + 

3 if) 

Phenol coefficient would be =3.89. 


10 MIN. 15 -MIN. 


0 

0 

0 

+ 

+ 

0 

+ 


0 

0 

0 

0 

+ 

0 

+ 


The test is satisfactory only when the phenol control gives one of the following 
readings: 

PHENOL 5 MIN. 10 MIN. 15 MIN. 

1-90 + or 0 + or 0 0 

1-100 + + + or 0 

If none of the dilutions of the disinfectant shows growth in 5 min. and killing 
in 10 min., estimate the hypothetical dilution only when any 3 consecutive dilutions 
show the following results: The first, no growth in 5 min.; the second, growth in 
5 and 10 min. but not in 15 min.; and the third, growth in 5, 10, and 15 min. 


Example: 

5 MIN. 

Disinfectant (X): 


1-3*00 0 

1-350 + 

1-400 4- 

Phenol: 

1-90 0 

1-100 + 


Phenol coefficient would be -~ = 3A2. 

90 


10 MIN, 15 MIN. 


0 0 

+ 0 

+ + 


0 0 

+ 0 


To avoid giving an impression of fictitious accuracy, calculate the phenol coefficient 
to the nearest 0.1. Thus, in the examples cited above, the phenol coefficients would 
be reported as 3.9 and 3.4, instead of 3.89 and 3.42. 

Note. — The commonly accepted criterion that disinfectants for general use be 
employed at a dilution equivalent in germicidal efficiency to 5% phenol against 
Eh. lyphosa (that is, 20 times the Eb. ti/phosa coefficient) allows a reasonable margin 
of safety for the destruction of infective agents likely to be the object of general 
disinfection. 

146 II. USING STAPHYLOCOCCUS AUREUS^s 

(Applicable in the bacteriological examination of disinfectants to be used for 
special purposes, such as the disinfection of dental and surgical or veterinary instru- 
ments.) 
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Proceed as directed above except to change the phenol dilutions. Use a temp, of 
20® unless otherwise directed. The culture of Staph, aureus must have at least the 


resistance indicated by the following: 



.iT 20 “ PHENOL 

5 MIN. 

10 MIN. 

15 MIN, 

1-60 

+ 

0 

0 

1-70 


+ 

+ 

The resistance of the culture to phenol when used at 37® 

must be as follows 

PHENOL 

.T MIN. 

10 MIN. 

15 MIN. 

1-80 

+ 

0 

0 

1 00 

+ 

+ 

+ or 0 
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VIL CAUSTIC POISONS 

PHENOL 

Method — Official 

(Applicable to the determination of phenol in commercial cresols, saponified cresol 
solns, coal tar dips, and disinfectants, and to kerosene solns of phenols except in the 
presence of salicylates or betanaphthol.) 

1 REAGENTS 

(a) JHlule niiric acid. — Blow air thru HNOj until it is colorless and dilute 1 
volume of this acid with 4 volumes of H2O. 

(b) Millon’s reagent. — Treat 2 cc of Hg in a 200 cc Erlenmeyer flask with 20 cc 
of HNO3. Place the flask under a hood, and after the first violent reaction is over 
shake as much as necessary to -fleet subdivision of the Hg and maintain action. 
After about 10 min., when the action has practically ceased even in the presence of 
undissolved Hg, add 35 cc of H-^O, and if basic salt separates, add a sufficient quan- 
tity of the dilute HNO3 to dissolve it. Add a 10% soln of NaOH dropwise with thoro 
mixing until the curdy precipitate that forms after the addition of each drop no 
longer redissolves but disperses to an evidently permanent turbidity. Then add 
5 cc of the dilute HXO3 and mix well. As the soln deteriorates, do not use it after 
the first day. 

(c) Standard phenol soln. — Dissolve a weighed quantity of the pure substance 
(congealing point not lower than 40“^) in a sufficient quantity of H2O to make not 
le.ss than a 1% soln. On the day it is to be used, from this stock soln make a 0.025% 
soln (the final standard) in additional distilled H2O. 

( d) Formaldehyde soln. — Dilute 2 cc of commercial 37% HCHO soln to 100 cc 
with distilled H2O. 

2 APPARATUS 

(a) Xessler cylinders. — 50 cc tall form, matched. 

fb) Test ta6c.s.- -Approximately 180 mm X20 mm, provided with rubber stoppers 
and marked at 25 cc. 

(c) Water hath for healing the test tubes. — A beaker containing a disk of wire gauze 
raised about an inch from the bottom may be used. 

3 PREPARATION OF SAMPLE 

(a) Commercial cresol. — Weigh by difference about 2.5 g of sample into a 250 cc 
volumetric flask, dissolve in 10 cc of a 10% NaOH soln, and make to the mark 
with HjO. 

(b) Saponified cresol solns, coal tar dips and disinfectants, kerosene solns of phenolSj 
etc. — Weigh by difference about 5 g (or use 5 cc and calculate the weight from the 
density of the sample) of sample into a 250 cc volumetric flask and dilute to the 
mark with H2O. In products consisting largely of kerosene, bring the H2O level to 
the mark and take aliquots from the aqueous portion only. 

4 DETERMINATION 

Transfer a 5 cc aliquot of the ])repared soln to a 200 cc volumetric flask shortly 
before the determination is to be carried out, dilute to about 50 cc, add 1 drop of 
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methyl orange iiiclicator, VI, 3(f), and then the dilute HNO 3 until the soln is prac- 
tically neutral, make to volume, and shake well. 

Place 5 cc of the diluted soln in each of 2 of the marked test tubes, and in each of 
2 additional test tubes place 5 cc of the standard phenol soln. Next flow 5 cc of the 
Millon’s reagent down the side of each tube, mix, and place the tubes in a bath of 
boiling H 2 O; continue the boiling for exactly 30 min.; cool immediately and thoroly 
by immersion in a bath of cold H 2 O for at least 10 min., and add 5 cc of the dilute 
HNO3 to each tube. 

Mix well and add 3 cc of the dilute HCHO soln to one of each pair of tubes; make 
all the tubes to the 25 cc mark with H 2 O, stopper, shake well, and allow to stand 
overnight. The next day the contents of the tubes to which HCHO was added will 
have faded to a yellow, while the others will show an orange or red tint. 

Pipet 20 cc from each of the 2 phenol tubes and transfer to 100 cc volumetric 
flasks; treat each with 5 cc of the dilute HNOj, make to the mark, and mix. The red 
flask contains the “phenol standard,'’ and the yellow flask the “phenol blank.” 
Transfer these solns to burets. Pipet 10 cc of each sample soln into Nessler tubes. 
(The orange or red constitutes the “unknown” and the yellow the “sample blank,” 
and each Nessler tube must be di.stinctly marked to avoid confusion.) Next add to 
the “sample blank” tube a measured quantity of “phenol standard” and add the 
same volume of “phenol blank” to the “unknown,” thoroly agitate (aided by in- 
sertion of the rubber stoppers if necessary), and compare the colors. When the tubes 
have been brought to a match, each cc of the phenol standard used -1% of phenol 
if a portion of sample weighing exactly 5 g was used, or 2% if exactly 2.5 g was used, 

Nqte. — In using this method the following precautions slunild he borne in mind: 
A pair of phenol tubes affords sufficient final solns for assaying several unknowns, 
but all the latter must have accompanied the phenol solns thruout the entire process 
with identical reagents and treatment. If the end point has been inadvertently over- 
run it is possible to work back to it, but since mistakes are easy to make in this pro- 
cedure it is better to repeat the comparison on fresh portions from the original tubes. 
Too much delay in matching the tubes must be avoided after the titration has been 
started, otherwise the excess of HCHO present in the blanks may have time after 
mixture to affect the intensity of the red color. 

Millon’s reagent is dangerously poisonous and should not be transferred with an 
ordinary pipet and mouth suction unless a protective trap of some kind is used. 

5 Method [f‘ — OJJlcial 

(.Applicable to the determination of phenol in the presence of salicylates.) 

Weigh by difference into a separatory funnel approximately 10 g of sample (or 
use 10 cc and calculate the weight from the den.sity of the sample). Add 50 cc of 
kerosene and extract 3 times with 100 cc portions of H 2 O. Filter the aqueous ex- 
tracts thru a wet filter into a 500 cc volumetric flask, make to volume with di.stilled 
H 2 O, and proceed as directed under 4. 

When the tubes have been brought to a match, each cc of the phenol standard 
used = l% of phenol if a portion of the sample weighing exactly 10 g was used. 
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^ U. S. Dept. Agr. Bull., 1308, p. 17; J. Assoc. Official Agr. Chem., 13, 40 (1930). 

* Ind. Eng. Chem. .Anal. Ed., 1, 232 (1929). 
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ROSIN 

ANALYTICAL METHODS 

1 SAMPLING -TENTATIVE 

Remove the top 0 inches of the rosin in the barrel or drum, and by means of a 
sharp spike take a single lump of about 1 lb. from a depth of 6 -8 in. below the 
original surface of the rosin in the barrel or drum. Do not break up or pulverize 
this lump. When acid number, saponification number, unsaponifiable matter, pe- 
troleum ether insoluble or ash is to be determined obtain the stated quantity by 
breaking off small pieces having freshly exposed surfaces, avoiding powdering as 
much as possible. (These precautions are necessary because rosin oxidizes rapidly 
on the surface when exposed to the air.) 

2 ACID NUMBER— TENTATIVE 

To 2 g of the rosin in a 300 ml Erlenmeyer flask, add 50 ml of neutral 95% ethyl 
alcohol. Allow the rosin to dissolve in the alcohol at normal temp., or with the aid 
of heat, and cool to room temp. Titrate with 0.5 N NaOH soln, using phenol- 
phthalein, II, 10(d), as indicator. If necessary, in order to obtain a sharp end point, 
dilute the solns of the redder rosins with additional neutral alcohol. Calculate as 
the acid number the mg of KOH required to neutralize 1 g of the rosin. 

3 ACID NUMBER OF DARK COLORED ROSIN— TENTATIVE 

With low-grade dark colored rosin, where the color of the soln interferes with 
observation of the end point, use the following method based on the use of a small 
direct vi.sion hand spectroscope to observe the appearance of an absorption band 
in the green part of the spectrum on liberation of the alkaline phenolphthalein 
color body.^ 

Place 100 cc of 95% alcohol and 1 cc of phenolphthalein indicator soln in a 
300 cc Erlenmeyer flask. Add 0.5 N NaOH (1 or 2 drops should suffice) until the 
absorption band appears when viewing the spectrum through a 1 in. (2.5 cm) 
depth of liquid. Introduce 5 g of the rosin, previously weighed, into the flask, 
stopper, and allow to dissolve at room temp. Titrate with the 0.5 .V NaOH, running 
in about 1 cc less than the expected or theoretical quantity required for the weight 
of sample taken. After the further addition of each 0.05 or 0.10 cc of alkali, hold 
the flask in an inclined position towards a source of light, preferably daylight, and 
observe the spectrum through a depth of about 1 in. The end point is reached when 
the absorption band similar to that previously observed again becomes Just per- 
ceptible. 

4 SAPONIFICATION NUMBER— TENTATIVE 

Weigh accurately 2 g of the rosin sample into a 300 cc Erlenmeyer flask. Add 
50 cc of neutral 95% alcohol and 20 cc of alcoholic KOH soln, XXXI, 22, allow- 
ing the pipet to drain for a definite time. Connect the flask to a reflux condenser, 
heat on a steam bath for 1 hour, cool, and titrate with 0.5 V H Cl, II, 19(a), using 
phenolphthalein as indicator. Dilute the soln if necessary with neutral 95% alcohol 
in order to obtain a sharp end point. If the dark color of the soln prevents observa- 
tion of the end point, use the spectroscope method described under 3. The dis- 
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appearance from the spectrum of the characteristic absorption l)an(l marks the 
end point in this instance. This is reached when the addition of 1 or 2 drops of the 
acid causes the disappearance and the addition of a similar quantity of alkali brings 
hack the band. Conduct a blank determination, using the same pipet for measuring 
the KOH sol II and drain for the same length of time. Subtract the number of cc 
of the 0.5 X HCl obtained in the determination on the sample from the number 
obtained on the blank to obtain the number of ee of 0.5 X HCl equivalent to the 
KOH used in the saponification of the sample taken. Calculate as sa])oniHcatioii 
number the mg of KOH required to saponify 1 g of rosin. 

TOLUOL-INSOLUBLE MATERIAL"— TENTATIVE 

5 PREFARATION OF SAMPLE 

{!) If the sample is less than 200 g, immediately before making the determination 
powder it to pass a standard 10-mesh sieve, mix thorolv, and place in a wide- 
mouthed bottle of such size that the sample completely fills it. 

(2) If the sample is more than 200 g, crush it to pass a .heve, mix, quarter 
down to about 200 g, and treat as described in i I). 

6 PROCEDURE 

Place 50 g of the freshly-powdoretl sain])le in a 300 cc beaker, add 150 cc of toluol 
free from HjO and non-volatile re.hdiie, and dissolve the sample with the aid of 
heat and occasional shaking. hen the soln is a])parently complete (no particles of 
rosin visible), filter at once thru a 25 ee porcelain Goo(*h crucible which has been 
previously prepared with a mat of pure, well-washed asbestos and which has been 
finally washed thorolv with the solvent used, dried in a }>oiling-water oven for 30 
min., cooled in a desiccator, and weighed. If the rosin filtrate is not clear, return 
it thru the Gooch crucible until it is clear, finally washing the residue and the 
outside of the crucible free from ro>iii with additional hot solvent. Dry the (“rucible 
and contents to constant weight at 105 1 Kb in an oven (T hour usually suflices), 
cool in a desiccator, weigh, and calculate the percentage of toluol insoluble. 

7 PETROLEUM ETHER-INSOLUBLE MATTER (OXIDIZED ROSIN) -TENTATIVE 

Weigh 1 g of freshly pulverized rosin into a tared 250 cc glass-stoppcred la cork 
covered with tin foil may he used) Krlenmcyer flask. .\dd 100 cc of petroleum ether 
boiling point 30 75'), stopper the flask, and shake to prev(Mit the rosin coalescing 
or adhering to the flask. Add an additional 50 cc f)f petroleum ether, stopper, and 
shake vigorou.sly for about 5 min., or until anv utidis.'olve(l rosin is in a finely 
divided state and does not adhere to the flask. Allow the flask to stand <;vernight 
at a temp, of 23-283 and filter the soln through a tared Gooch crucible, rinsing the' 
flask with about 50 cc of petroleum ether. \^"iJ>e the outside (tf the flask and crucll)lc 
with a cloth wot with alcohol or acetone and dry in an oven at 95 100" for 1 .5 hours. 
Gool, and weigh, h'rom the cornluncd weights of the resirbic in the flask nml in the 
crucible calculate the percentage of [>etroIeuiM el her-iiis<dublc matter. 

Thi.s method deterrnine.s the degree of oxidation. It the rosin is !Lj)precial>ly 
"dirty,” determine the extranernts matter ftolurjl-irisoluhie matter) ae<;onljng to 
5 and 6, and .-ubtract the fjuantity found from the total quantity of jjetrohniin 
ether-i nsoluhle. 

8 ASH TENTATIVE 

Weigh 10 g of rosin into a porcelain crucible, burn off the combustible matter 
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slowly, and ignite the residue until the ash is free from carboriaeeous matter. Cool 
the crucible in a de.siccator and weigh. Report the result as percentage of ash. 

9 VOLATILE OILS -TENTATIVE 

Place 100 or 200 g of freshly broken lumps of rosin in a liter distilling flask; set the 
flask in an oil bath maintained at 100-170°; and distil with steam, receiving the 
distillate in a graduated cylinder. Measure exactly the volume of separated oil and 
report as cc per 100 g of the rosin. 

ROSIN GRADING 

10 SAMPLING— TENTATIVE 

Take a sample hy any of the following procedures: 

(a) Remove by spiking with a j)ointed heavy iron bar (1 ) a lump of rosin roughly 
4- 0 inche.s in diameter (2) from 6-8 inches below the surface of the rosin in the 
barrel or drum. With a special rosin adz (3) or sampling hatchet (4) cut a cube 
with parallel sides exactly | inch apart in one direction (5). 

(b) Immediately after the barrel is filled, suspend in the rosin in a horizontal 
position a tubular mold I inch square (inside) (6), inches or more in length, made 
of thiiq well-tinned plate. Place the mold sufficiently deep (at least fi inches in hot 
rosin) to insure a depth of at least 4 inches below the surface of the rosin after it 
solidifies. After the rosin has thoroly cooled, remove the sample (7) by spiking as 
directed in (a). 

(c) Remove in the manner devised for the particular type of sampler (8) the 
sample (9) contained in a mold (8) made of well-tinned plate (which mold was 
placed in the barrel or drum before it was filled with hot rosin) through an opening, 
the top of which is 8 inches from the top of the barrel or drum. The mold thus placed 
must be entirely within the barrel or drum and completely encased in the rosin. 

If any sample as prepared for grading is too large, so that it cannot be viewed 
through a thickness of exactly i inch, or has irregular uneven surfaces, bring it to 
the correct size by smoothing against a hot ‘‘smoothing” iron (10) or hot flat iron, 
takuig care to wii>e off any adhering hot ro,sin remaining from a previous application. 

11 DKTKK.MINATION 

Compare the sample obtained as directed in (a), (b), or (c) with a set of dupli- 
cates of the United States Rosin Standards (11) or with a set of type samples or 
“types” (12), made of rosin, which match the United States Rosin Standards, either 
with or without the comparison box (13). To be of a given grade the sample of rosin 
must be equal to or better, that is, lighter in color than the standard for that grade. 
If the grader cannot decide whether the sample is equal to a standard or is darker 
than the standard for a grade, it is given that grade. For example, if a sample is 
being compared with the “N” standard, and the grader cannot definitely decide 
whether the saini)le is equal to or is darker than the standard the sample should 
be graded “N.” 

TURPENTINE OIP (SPIRITS OF TURPENTINE) 

1 2 COLOR— TENTATIVE 

Place a 200 cc flat-bottomed colorimeter tube graduated in mm and filled to a 
depth of 40-50 mm with the turpentine in a colorimeter and on or under it place a 
No. 2 yellow TiOvibond glass. Over or under a second graduated tube in the colorim- 
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FIG. 10— ARTICLES USED IN GRADING ROSIN 


1. Spike. 

2. Rosin lump. 

3. Adz. 

4. Hatchet. 

5. Cut sample rosin. 

6. Long mold. 

7 . Sample taken with it. 


8. Short mold. 

9. Sample taken with it. 

10. Smoothing iron. 

11. Duplicates, IT. S. Rosin Standards. 

12. Rosin type.s. 

13. Comparison box. 
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eter, place a No. 1 yellow Lovibond glass and run into it the same turpentine until 
the color matches as nearly as possible the color in the first tube. Read the differ- 
ence in depth of the turpentine in the 2 tubes. If this difference is 50 to 149.9 mm, 
the turpentine is “standard''; if it is 150 mm or more, the turpentine is “water- 
white”; and if the difference is from 25 to 49.9 mm, the turpentine is “one 
shade off.” 

13 SPECIFIC GRAVITY— TENTATIVE 

Determine the specific gravity at 15.5/15.5° by any convenient method that is 
accurate within 2 points in the fourth place. If the determination is made at any 



FIG. U.— APPARATUS FOR DISTILLATION OF TURPENTINE OIL 
OVER OPEN FLAME 


other temp., correct the reading by adding thereto or subtracting therefrom 0.00082 
for each degree that the temp, at which the determination is made is respectively 
above or below 15.5°. 

14 REFRACTIVE INDEX— TENTATIVE 

Determine the refractive index at any convenient temp., but preferably at 20°. 
If determined at other than 20®, calculate the result to 20° by adding or subtracting 
the correction factor 0.00045 for each degree that the temp, of the determination is 
above or below 20°, respectively. 
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DISTILLATION— TENTATIVE 

15 APPARATUS 

(a) Flasli. — Use an Engler fiask having the following dimensions: Diameter of 
bulb, 6.5 cm; cylindrical neck, 15 cm long, 1.6 cm internal diameter; side or vapor 
tube, 10 cm long, 0.6 cm external diameter, attached to neck at an angle of 75°, so 
that when the flask contains its charge of 100 cc of oil the surface of the oil shall bo 
9 cm below the bottom of the junction of the side tube and neck. 

Support the flask on a plate of asbestos 20 cm square, having an opening 1 cm in 
diameter in its center, and heat with an open flame; or support the flask in a metal 
cup, 15-20 cm in diameter, containing high boiling mineral oil or glycerol and fitted 
with a concave cover having in the center a circular opening cm in diameter 
(Fig. 11). Surround the flask and burner with a shield to prevent fluctuation in 
temp, in the neck of the flask. 

(b) Condenser. — (1) Use the form^ illustrated in Fig. 11, which consists of thin- 
walled brass condenser tubing (Xo. 20 Stubbs gage seamless) I in. inside diameter 
and 22 in. long, placed at an angle of 75° in a metal cooling bath of the size and 
dimensions shown in Fig. 11. The lower end of the condenser is cut off at an acute 
angle and curved down for a length of 3 in. so as to project at least ^ in. into the 
receiving cylinder: or, (2) use a straight glass condenser 22 in. long, having 16 in. 
in contact with the cooling H:0 and fitted with an adapter, the small end of which, 
cut off at an acute angle, is long enough to extend a short distance into the receiving 
cylinder as illustrated in Fig. 12. 

(c) Thermometer. — Use an accurate thermometer of the .\nschutz type, conform- 
ing to the following specifications: Graduated from 115 to 200° in 0.2° intervals. 
Length, bottom of thermometer to 175° mark, not more than <S nor less than 6.5 
cm; top of bulb to 145° mark, not less than 1.5 cm; from 145 to 175° mark, not 
more than 6 cm. The graduation marks and the numbering shall he clear-cut and 
distinct. The error at any point on the scale shall not exceed ^0.5° when tested for 
total immersion of the Hg column. 

(d) Receiving cylinder. — Use an accurately graduated 50-100 cc cylinder. The 
so-called normal or precLion cylinder of 50 cc capacity, having aii internal diameter 
of 1.5 cm and graduated in 0.2 cc, is preferred. If a cylinder with larger inside diam- 
eter is used, place over the top a pasteboard cover having an opening for the con- 
denser tube. 

16 DETKKMI.VATION 

Place 100 cc of the turpentine and several small j^ieces of pumice (or glass) in 
the distilling flask. Fit the thermometer so that the toj) of the fig l>ull> is level with 
the bottom of the side tube and the 175° mark is below the cork. Place tlio flask in 
position on the asbestos board or oil bath ami connect with the corohniser. .^]>ply 
the heat cautiously at fir-'t, an<l when distillation l>egins so r(‘gulate that the tur- 
pentine distils at the rate of not less than 4 nor more than 5 cc i)Cr min. (ap[)roxi- 
mately 2 drops per second), The initial bruling ])oirit is the thermometer rea<iitig at 
the instant when the first drop falls from the end of the cojidcnser. Discontinue 
distillation when the temp, reaches 170.0', or the equivalent thereof, dc])eiidiiig on 
the atmospheric pressure, determined under 17. l.et the condenser drain and read 
the percetjtage distilletl. The perccrOage distilled below successive selectc<l temjis. 
and the temp, at which each successive 10 cc tlistils may also be determined, if 
desired, the neeessary correction of the temp, licing made for variations in at- 
mospheric pressure. 

HO 
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17 CORRECTION FOR VARIATION IN ATMOSPHERIC PRESSURE— TENTATIVE 

The distilling temp, of turpentine is affected 0.057® for each mm variation in 
barometric pressure. If the barometer reading after correcting to 0® is above or 
below the normal 760 mm, the turpentine will distil at a higher or lower temp., 
respectively, than at normal prc,ssurc. Therefore, for each mm that the corrected 
barometer reading is above 760 mm, correct the initial boiling-point reading by 
minus (— ) 0.057®; and for each mm that the corrected barometer reading is below 



]'IG. 12. -APP.VRATUS Ft)R THE DISTILLATION OF TURPENTINE OIL OVER BATH 


7G0 mm, correct the initial boiling-point reading by plus (+) 0.057®. Also correct 
the final temp, observation point (170°) in the same way, by adding thereto 0.057 
for each mm of pressure above 760 mm, or subtracting therefrom 0.057® for each 
mm of pressure below 760 mm, as may be required. The actual temp, at which 
distillation is stopped must be that equivalent to 170® at 760 mm. 

MINERAL OIL IN TURPENTINE 

Fuming Sulfuric Acid Method^ — Official 

jg REAGENT 

Fuming 38 A sulfuric acid. - -Mix H 2 S(h with sufficient fuming H 2 S 04 to obtain 
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a mixture containing slightly more than 82.38% total SO3. If the fuming acid con- 
tains 50% excess SO3, about 100 g of fuming acid to 140 g of concentrated acid ^vill 
be approximately the correct ratio. Determine the exact strength of the mixture 
and also of a reserve supply of concentrated acid as follows: 

Weigh a quantity of the acid in a weighing bulb or pipet having a capillary tube 
at the lower end and a stopcock at the upper end and fitted with a Ft wire for 
suspending on the balance. Fill the bulb by slight suction and empty the lower end 
of the capillary by closing the stopcock simultaneously with the withdrawal of the 
capillary from the acid, wiping off first with a moist and then with a dry cloth. 
Allow the acid to flow down the sides of the neck of a volumetric flask into cold 
H2O. (If a flask approximately 100 times the volume of the w'eighing pipet is used, 
the resultant soln will be near 0.5 A'.) Wash all traces of acid into the flask, taking 
precautions to prevent loss of SO3 fumes. Make to volume and titrate from a buret 
against standard alkali, using the indicator with which the alkali was standardized. 
Calculate the SO3 content of both acids and add sufficient concentrated acid to the 
fuming mixture to bring it to 82.38%. After mixing, determine the strength of this 
fuming mixture as before. The SO3 content of this acid must not vary more than 
+0.05% or —0.08% from 82.38%. The acid must be carefully protected against 
absorption of moisture from the air. 

19 DETEHMIXATIOX 

Place 20 cc of the 38 A' H0SO4 in a graduated narrow-necked Babcock flask, 
stopper, and place in ice HjO to cool. Add slowly from a pipet, 5 cc of the turpen- 
tine, gently shaking or rotating the flask and keeping the temp, at about 00-05° 
by continued immersion in ice HaO. When the mixture no longer develops heat on 
shaking, agitate thoroly by vigorously shaking for about ^ min. Place the flask in a 
water bath and heat at 60-05° for 10 min., keeping the contents of the flask thoroly 
mixed by shaking vigorously not less than 6 times during the heating period. 
(Caution'; If the shaking is too vigorous at first, there is danger of the escaping SOj 
forcing some of the mixture up over the mouth of the flask.) Cool to room temp, 
and fill the flask with H2SO4 until the surface rises well into the graduated neck. 
Centrifuge for 5 min. at 1200 r.p.m., or for 10 min. at 900 r.p.m,; or allow to stand, 
lightly stoppered, for 12 hours. Read the volume of unpolymerized residue (middle 
of meniscus), calculate the percentage, record its consistency and color, and deter- 
mine its refractive index at 20°. 

By this method pure gum spirits of turpentine gives less than 2.0% residue, which 
has a straw or darker color, viscous consistency, and a refractive index of not less 
than 1.500. A limpid colorless residue with a refractive index of less than 1.500 
indicates the presence of mineral oil. The unpolymerized residue from an adulter- 
ated oil represents from 00- 80% of the total quantity of adulterant present. 

20 Sulfuric- Fuming Xitric Acid Method^ — Official, First Action 

Place 50 cc of the turpentine in a 300 cc Kjeldahl or other long-necked na.sk, cool 
in ice H2O, and add slowly with constant agitation 25 cc of H2S()4. Shake well to 
obtain complete reaction, keeping the flask cool. When the reaction is complete, 
cool thoroly and add 25 ce of H2O. Distil the polymerized mixture in a current of 
steam, collecting 300 cc of total distillate. Separate the oil from the aqueous por- 
tions. 

Place a volume of fuming HNOi fsp. gr. 1.5) equal to 3 times the volume of the 
oil in a 200-250 cc separatory funnel and cool in ice HaO. Add the oil cautiously 
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dropwise, shaking carefully and keeping the mixture cool. After all the oil has been 
added, allow the funnel to stand quietly, very lightly stoppered, about 30 seconds, 
until the oil has had a chance to come to the surface. Then draw off the acid and 
wash the remaining oil once with a little fuming HNO3, once with HNOa, and 
finally several times with H 2 O. Measure the volume of the oil, record its consistency 
and color, and determine its refractive index at 20°. Pure gum spirits of turpentine 
gives less than 0.5% residue by this method. 

SELECTED REFERENCES 

^ Ind. Eng. Chem. Anal. Ed., 6, 122 (1934), 

^ J, Assoc. Official Agr. Chem., 13, 48 (1930). 

3 U. S. Dept. Agr. Bur. Chem. Bull. 898; U. S. Bur. Standards Circ. 86. 

* Adopted by American Society for Testing Materials. 

Chem. Ztg., 30, 631 (1906); U. S. Dept. Agr. Bur. Chem. Circ. 85; J. Assoc. 
Official Agr. Chem., 6, 46.5 (1923). 

® J. Ind. Eng. Chem., 1, 27 (1909); J. Assoc. Official Agr. Chem., 5, 547(1922); 
9, 55 (1926); 15, 67 (1932). 
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IX. PAINTS, VARNISHES, AND CONSTITUENT MATERIALS 

WHITE LINSEED OIL PAINTS^ -OFFICIAL 

1 REAGENTS 

(a) Extraction mixture. — 10 volumes ethyl ether, 6 volumes benzol, 4 volumes 
methyl alcohol, and 1 volume acetone. 

(b) Aqueous sodium hydroxide soln. — Dissolve 100 g of NaOH and dilute to 
300 cc. 

(c) Alcoholic sodium hydroxide sola. — Dissolve NaOH in 95% ethyl alcohol in the 
proportion of about 22 g per 1000 ce. Let stand in a stop])ered bottle. Decant the 
clear liquid into another bottle and keep well stoppered. This sola should l)e color- 
less or only slightly yellow when used; it will keep colorless longer if the alcohol is 
previously treated with NaOH (about SO g to 1000 cc), kept at about 50'' for 15 days, 
and then distilled. 

(d) Wijssoln.- — Dissolve I in glacial acetic acid that has a melting point of 14.7-15° 
and is free from reducing impuritie.-^, in such a proportion that 13g of I will be present 
in 1000 cc of solo. The preparation of the I moaochloride soin presents no great 
difficulty but it should he done with care and accuracy in oialer to obtain satisfactory 
results. There should be in the soln no sensilde excess either of 1 or more particularly 
of Cl over that required to form the monochloride. This condition is most satisfac- 
torily attained by dissolving in all of the acetic acid to be used the requisite quan- 
tity of I, using a gentle heat to assist the soln, if it is found nece.ssary. Set aside 
a small portion of this soln, and j)ass dry Cl into the remainder until the 
halogen content of the soln is doubled. Ordinarily, it will lie found that by passing 
the C.'l into the main part of the soln until the characteristic color of free I has just 
been discharged, there will be a slight excess of Cl, which is corrected l)y the addition 
of the requisite amount of the unchlorinated portion until all free Cl has been de- 
stroyed. A slight excess of 1 does little or no harm, but excess of ( '1 must he avoided. 

(e) Standard sodium thiosulfate soln. — Prepare and standardize as directed under 
XXXI, 18 (b). 

if) Starch soln.Siir up 2-3 g of potato starch or 5 g of soluble .starch with 100 cc 
of 1% salicylic acid soln, add 300-400 cc of boiling HiO, and boil the mixture until 
the starch is practically dissolved, then dilute to 1 liter. 

(g) Potassium iodide, soln. — ^Di.'solve 150 g of K1 free from iodate in HoO and di- 
lute to 1000 cc. 

(h) Acid ammordum acetate soln. 150 cc of 80% acetic acid, 100 cc of H2D, 

and 95 cc of NH4OH fsp. gr. 0.90). 

ii) Ammonium polysulfide. — Pa.ss H2S gas into 200 cc ol A ILOH in a bottle im- 
mersed in running H2O or in iced IDO until the gas is tio longer absorbed; then add 
200 cc of NHdJH and dilute with H2O to 1000 cc. Digest this soln with 25 g of 
flowers of S for several hours and filter. 

tj) “Lead acid .” — -Mix 300 cc of HoSO^ and 1800 cc of HAL Dissolve 1 g of c. p. 
Pb acetate in 300 cc of H2O and add this to the hot soln, stirring meanwhile. Let 
.stand at lea.st 24 hours and siphon thru a thick asbestos filter, 

(k) Potassium permanganate soln. — Uis.solve 3.2 g of KMn04 in 1 liter of ILO, 

• Method.s <D 21o-2U, rjf the. Aniftrirran Society for Testing .Materials and adfir’tofl tentatively at the 
Ifl.'iO meeting of the A. 0. .\. C. These rnetiKxls have been edited in conform in part to the style of this 
publication, but otherwi.se they are as publislied in the Supplement to book fif A. S. T. .M. .Statulards. 
Under the standardization procedure of the A, S. 1’. M., tliese niettiod.s aic under the jurisdiction of the 
.A. T}. T. -M. Committee I>-1 on Fre,servative Cioating.s for Struclural Nfaterials, 
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let stand 8-14 days, siphon off the clear soln (or filter thru an asbestos filter), and 
standardize as follows: In a 400 cc beaker dissolve 0.25-0.30 g (accurately weighed) 
of Bureau of Standards’ Na oxalate in 250 cc of hot II 2O (80-90®) and add 15 cc of 
H2SO4 (1+1). Titrate at once with the KMnO* soln, stirring vigorously and 
continuously. The KMn04 must not be added more rapidly than 10-15 cc per min., 
and the last 0.5-1 cc must be added dropwise with particular care to allow each drop 
to be fully decolorized before the next is introduced. The temp, of the soln should 
not be below 60° by the time the end point is reached. (Too rapid cooling may be 
prevented by allowing the beaker to stand on a small asbestos-covered hot plate 
during the titration. The use of a small thermometer as a stirring rod is most con- 
venient.) The weight of Na oxalate used multiplied by 0.833 gives its Fc equivalent. 
Keep the KMn04 soln in a glass-stoppered bottle painted black to keep out light. 

The Fe value of the KMnO^ multiplied by 1.076 theoretically equals its Sb equiv- 
alent. However, for use in determining Sb, the KMn04 is best standardized as fol- 
lows: To 0.25 g of pure metallic Sb in a 500 cc Pyrex Erlenmeyer flask, add 12-15 cc 
of H2SO4 and 10-12 g of K2SO4; heat until all the Sb is dissolved, cool, dilute to 250 
cc with H2O, add 20 cc of HCl, cool to 10-15°, and titrate with the KMn04 soln 
until a faint pink color is obtained. For special work, after digesting, dilute to 100 
cc with 11 2O, add 1-2 g of Na^SOa, and boil until all the SO2 is expelled. This is shown 
when no blue color is obtained with the starch-iodate paper; the volume will be re- 
duced about one-half. Dilute to 250 cc with I+O, add 20 cc of IICI (sp. gr. 1.19), 
and complete the titration as de.scribed. 

(l) Standard potassium /tvrec/yam'fie. - -Dissolve 22 g of the pure salt in H2O and 
dilute to 1000 cc. To standardize, transfer about 0.2 g (accurately weighed) of pure 
metallic Zn or fre.-^hly ignited pure ZnO to a 400 cc beaker. Dissolve in 10 cc of HCl 
and 20 cc of H2O. Drop in a small piece of litmus paper, add NH4OH until slightly 
alkaline, then add HCl until just acid, and then 3 cc of HCl. Dilute to about 250 
cc with hot H2O and heat nearly to boiling. Run in the ferrocyanide soln slowly 
from a buret with constant stirring until a drop tested on a white porcelain plate 
with a drop of the uranyl indicator shows a brown tinge after standing 1 min. Run a 
blank with the same amounts of reagents and H2O as in the standardization. Sub- 
tract the amount of ferrocyanide soln required for the blank from the amounts used 
in standardization and in titration of the sample. (The standardization must be 
made under the same conditions of temp., volume, and acidity as obtain when the 
sample is titrated.) 

(m) Urani/l indicator for zinc iitration. A 5% soln of uranyl nitrate in H2O or a 
5% soln of uranyl acetate in H2O made slightly acid with acetic acid. 

(n) Alkaline lead nitrate soln . — Into 100 cc of KOH soln (56 g in 140 cc of H2O) 
pour a saturated soln of Ph(N03)2 (250 g in 500 cc of H2O) until the precipitate 
ceases to re(Us.solve, stirring constantly while mixing. Let settle, filter thru asbestos, 
and dilute the clear filtrate with an equal volume of H2O. (About 3 volumes of the 
P1)(N03)2 sola will be required for 1 of the KOH.) 

(0) Anunoniacal cadmium chloride or zinc sulfate soln . — Dissolve 8 g of CdCK in 
200 cc of H2O and add 200 cc of NH4OH (sp. gr. 0.90), or dissolve 50 g of Zn(S04)2 
in 270 cc of IDO and add 230 cc of NH4OH (sp, gr. 0.90). 

(p) Standard potassium iodate Dissolve 3.6 g of KIO3 and 39 g of KI in 

1000 cc of H2O. (For general work the theoretical sulfur titer of this soln should be 
used; for special work, the soln may be standardized against like material, such as a 
lithopone of known sulfide-S content.) The theoretical titer is based on standard 
Na2(N04 and is obtained as follows: To 300 cc of H2O in a 600 cc flask, preferably 
glass-stoppered, add 10 cc of HCl (sp. gr. 1.19) and 1 g of KI. Cool, and add 10 cc 
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of 0.1 N KMn04 soln which has been standardized against Na2C204. Swirl gently, 
stopper, and let stand for 5 min. Titrate the liberated I with standard Na2S203 soln 
until the color fades. Then add 10 cc of starch soln and continue the titration until 
the blue color is destroyed. Repeat the titration, substituting 10 cc of the iodate 
soln for the KMnO^ soln. Calculate the normality of the iodate soln. 

(q) Starch indicator for sulfur titration. — (1) To 1000 cc of boiling H2O, add a 
cold suspension of 6 g of starch in 100 cc of H2O and boil vigorously for 5 min. Cool 
the soln, add 6 g of ZnCh dissolved in 50 cc of cold H2O, thoroly mix, and set aside 
for 24 hours. Decant the clear supernatant liquid into a suitable container, add 3 g 
of KI, and mix thoroly. (2, optional) Prepare an emulsion of 6 g of soluble starch 
in 25 cc of H2O, add a soln of 1 g of NaOH in 10 cc of HjO, and stir the soln until 
it gelatinizes. Dilute to 1000 cc with II 2O, add 3 g of Kl, and mix thoroly. 

(r) Starch-iodate paper.— Impregnate filter paper with a soln obtained by heating 
2 g of starch with 100 cc of HjO, and, after soln, adding 0.2 g of KIO3 dissolved in 
5 cc of H2O. 

(s) Siaiidard iodine soln for — Place 15 -20 g of pure KI in a liter volumetric 

flask, dissolve in as little H^O as possible, and then add about 6.4 g of resublimed 1. 
Shake until all the I is dissolved, dilute to the mark with II2O, and mix. This soln is 
approximately 0.05 .V and is standardized against 0.05 .V Na2S203 to obtain its true 
normality. 

(t) Standard sodium thiosulfate soln for SO-i . — Prepare and standardize as de- 
scribed in (e), using 12.42 g of Xa2S203.5H20; or the 0.1 N soln may he diluted with 
an equal volume of cold COn-free H2O. 

fu) Ferric sulfate soln for titanium. — ^Prepare a soln containing 2% of Fe as ferric 
sulfate as follows: Dissolve 20 g of pure Fe or plain C steel in a slight excess of HCl, 
oxidize with HXOj, add about 80 cc of H2SO4, and heat until fumes of the latter are 
evolved. Cool, dilute with H2O to 1000 cc, digest on a steam bath until sulfates are 
dissolved, and fdter if neces.sary. To oxidize any ferrous Fe that may be present, add 
0.1 .V KMnO^ soln until a faint pink color persists for 5 min. Ferric ammonium 
sulfate may also be used. 

(v) Standard ferric sulfate soln for colorimetric determination of iron.— Determine 
the strength of the ferric soln for the TiOj determination in terms of Fe and dilute 
a portion of this .soln until one is obtained of the .strength 1 cc =0.00001 g of Fe. 

(w) Potassium thiocyanate indicator .—’Prepare a 2% soln of the pure salt in H2O. 

2 PRELIMINARY PROCEDURE 

On receipt of a sample make a record of the label, noting especially the brand, 
the name of the manufacturer, and any statement as to composition and net con- 
tents. Weigh the unbroken package, open, note odor and condition of the contents, 
pour into a clean container, and mix thoroly by pouring from one container to the 
other, finally leaving the well-mixed sample in the second container, which shall be 
tightly closed. The well-mixed .sample is used at once for the determinations de- 
scribed under ‘‘Methods.” The original can and cover may be cleaned with gasoline, 
wiped dry, and then weighed. This weight suljtracted from the original weight will 
give the net weight of the contents. If desired, the specific gravity of the paint may 
be determined and the weight per gallon calculated, and the volume of paint and 
the capacity of the container may be measured. 

3 WATER’ 

Mix 100 g of the paint in a 250 cc flask with 75 cc of toluene. Place the flask in an 

1 A convenient apparatus for this determination is shown in I’iji;. I (h) of the Standard Methol of TeHt 
for Water in Petroleum Products and Other iiituminous Materials (A.S.T.M. Designation; D 95-30, 
1933 A.S.T.M. Standards. Pt. II, p. 891). 
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oil bath, connect with condenser, apply heat to the bath, and distil until about 60 
cc of distillate has been collected in a graduate. The temp, in the flask should then 
be 105-110°. The number of cc of H;iO collected under the toluene in the receiver 
is the percentage of HaO in the paint. 

4 VOLATILE THINNER 

Weigh accurately 3-5 g of the paint into a tared flat-bottomed dish about 8 cm in 
diameter, spreading the paint over the bottom. Heat at 105-110° for 1 hour, cool, 
and weigh. Calculate the loss in weight as percentage of il20 and volatile thinner, 
subtract from this the percentage of H2O (3), and report the remainder as volatile 
thinner. 

5 NATURE OF THE THINNER 

Transfer about 150 g of the paint to a 500 cc flask fitted with a 2-holed cork stop- 
per carrying a spray trap connect^ with a vertical condenser. Thru the other hole 
in the stopper pass an influx tube for steam. (This tube should dip below the surface 
of the paint.) Heat the flask in an oil bath or an air bath at 100° and pass thru it a 
current of steam; with the steam still passing thru, raise the temperature of the bath 
to 130°. Catch the distillate in a small separatory funnel and continue distillation 
until 300 cc of H2O has been condensed. Portions of this H2O may be drawn from 
the cock of the separatory funnel from time to time, but care must be taken not to 
draw out any of the volatile thinner. Let the distillate stand until it separates into 
2 layers, then draw off the H2O, and filter the volatile thinner thru a dry filter paper 
into a dry flask. If the thinner is apparently turpentine, examine the distillate as 
directed in Chap, VIII. If the thinner is a mixture of turpentine and mineral spirits, 
an approximate determination of the amount of turpentine may be made by the 
polymerization test specified under turpentine, VIII, 19. It should be noted that 
turpentine is slightly soluble in H2O (about 0.3-0.4 cc per 100 cc of HjO). 

To test for benzol, add a few drops of the distillate to a small quantity of a mix- 
ture of HNO3 and H2S0<, and heat cautiously. The characteristic odor of nitrobenzol 
will be noted if benzol is present. 

If the thinner is apparently all mineral spirits, no further examination is neces- 
sary. 

If the amount of turpentine in the thinner is so small that its presence is ques- 
tioned, it may be detected by placing 2 drops of the distillate and 2-3 cc of CHCI3 in 
a dry test tube and adding 1 drop of antimony pentachloride. A slow or slight change 
in color will indicate the absence of turpentine. A rapid change in color to a dark red 
or purple will indicate the possibility of turpentine- The I number for turpentine 
by the Wijs method under these conditions is approximately 340. An I number of 
20 or over will give additional proof of the presence of turpentine and enable cal- 
culation of the approximate amount. 

6 PERCENTAGE OF PIGMENT 

Strain a portion of the well-mixed sample thru a No. 80 sieve with an opening of 
.177 mm and a wire diameter of .119 mm to remove any skins and weigh accurately 
about 15 g of the strained paint in a weighed centrifuge tube. Add 20-30 cc of ex- 
traction mixture 1(a), mix thoroly with a glass rod, wash the rod with more of the 
extraction mixture, and add enough of the reagent to make a total of 60 cc in the 
tube. Place the tube in the container of a centrifuge, surround the tube with HaO, 
and counterbalance the container of the opposite arm with a similar tube, or a tube 
with H2O. Whirl at a moderate speed until well settled. Decant the clear super- 
natant liquid, repeating the extraction twice with 40 cc of extraction mixture and 
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once with 40 oc of ethyl ether. After drawing off the ether, set the tube in a beaker of 
H2O at about 80® or on top of a warm oven for 10 min., then in an oven at 105-1 10” 
for 2 hour?. Cool, weigh, and calculate the percentage of pigment. Grind the pig- 
ment to a fine powder, pa??? thru a No. 80 sieve to remove any skins, and preserve 
in a stoppered bottle. 

7 PERCENTAGE OF NON-VOLATILE VEHICLE 

Add together the percentages of H2O, of volatile thinner, and of pigment, and 
subtract the sum from 100. Report the remainder as non-volatile vehicle. 

TESTING NON-VOLATILE VEHICLE 

8 PREPARATION OF FATTY ACIDS 

(a) To about 25 g of the paint in a porcelain ca.sserole, add 15 cc of aqueous 
NaOH, 2(b), and 75 cc of ethyl alcohol, mix, and heat uncovered on a steam bath 
until all volatile thinner is driven otT and .saponification is com])lete. Add 100 cc of 
H;0, boil, add H28O4 (sp. gr. 1.2) iS-10 cc in excess), boil, stir, and transfer to a 
separatory funnel to which some H:0 has l)eLMi previously added. Draw ofT as much 
as possible of the acid aqueous layer and any insoluble or precipitated matter, wash 
once wuth H2O, then add 50 cc of ICO and 50 cc of ethyl ether. Shake very gently 
with a whirling action to dissolve the fatty acids in the ether, but not so violently as 
to form an emulsion. Draw off the aqueous layer and wasli the ether layer with one 
15 cc portion of H2O and then with 5 cc portions of II 2() until free from 112804. Then 
draw off the HjO layer completely. Transfer the ether soln to a dry flask and add 25- 
50 g of anhydrous Na28()4. Stopper the flask and let stand with occasional shaking 
at a temp, below 25' until the II 2O is completely removed from the ether soln, whicli 
will be shown by the soln becoming perfectly clear above the solid NaaSUi. Decant 
this clear soln, if necessary, thru a dry filter pai)er into a dry 100 cc Krlenmeyer flask. 
Pass a rapid current of dry air pass thru a ( 'a('U tower) into the mouth of the Erlcn- 
meyer flask and heat to a temp, below 75' on a dry lupt plate until the etlier is en- 
tirely driven off. It i.s important to follow all the details, as ether generally contains 
alcohol, and after washing with fLO always contains HjO. It is difruadt to remove 
H2O and alcohol by evaporation from fatty acirls, bni the washing of the ether soln 
and subsequent drying with anhydrous Na2804 removes both IKO ami alcohol. 
Ether, in the absence of HjO and alcohol, is easily remov(Ml from fatty acids by 
gentle heat. If the pigment .‘settles out rapidly in a sample of the i)airit on standing 
so that sufficient vehicle can be ijoureil off, or if sufficient vehicle is obtained by 
centrifuging the paint, it will be advantageous to saponify tins separated vehicle and 
liberate and prepare the fatty acids as described. 

fb) In.stead of procedure <a) the following may be used, especially with samples 
that give trouble by the former: 1'o afiout 50 g of paint in a pfjrcelaiii cas.serole, add 

cc of aqueous 30% NaDH and 125 cc of ethyl alcohol, mix, and evaporate on the 
steam bath until residue is dry. Transfer to a 400 cc i>eaker and boil with 200 cc 
of H2O, add H280< (sp. gr. 1.2} (25 cc in excess), boil, stir, filtiu thru large coarse 
paper, and drain. Scrape the ma.ss into a (la.sk, shako violently with ether, centrifuge, 
decant into a separatory funnel, and wash with small amounts of IGD until free of 
11^804. Transfer the ether soln to a dry flask containing about 40 g of atihydruti? 
Na2804 and allow to stand until the ether layer is cb'ar. Decatit the (desir soln 
thru filter paper into a dry 100 ec' flask. Rass a rapid currerit of dry air into (he 
mouth of the flask and heat to a temp, liefijw 75 on a dry hot plate until the ether 
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is entirely removed. Keep these prepared fatty acids in a stoppered flask and 
examine at once. 

The above methods of prepar’ng the fatty acids directly from the material, rather 
than from the extracted vehicle, are based upon past experience in sometimes ob- 
taining too low results by the latter method. Occasionally, however, trouble is ex- 
perienced in saponifying the entire material, due to interference of pigment. In this 
case it is permissible to save the extracted vehicle (6), evaporate the organic 
solvents on a steam bath, and saponify and prepare the fatty acids in the usual 
manner from this extract. If the I number obtained in this manner passes a given 
specification, no further work is necessary; if the I number is low, it will be neces- 
sary to repeat the work directly on the entire material. 

The fatty acids prepared as above should be kept in a stoppered flask and ex- 
amined at once. 

9 TEST FOR MINERAL OIL AND OTHER UNSAPONIFIABLE MATTER 

Place 10 drops of the fatty acids (8) in a 50 cc test tube, add 5 cc of alcoholic 
soda 1(c), boil vigorously for 5 min., add 40 cc of H2O, and mix. A clear soln indicates 
that not more than traces of unsaponiflable matter are present. 

10 IODINE NUMBER OF FATTY ACIDS' 

Place a small quantity of the fatty acids (8) in a small weighing buret or beaker. 
Weigh accurately. Transfer by dropping about 0.15 g (0.10-0.20 g) into a 500 cc 
bottle having a well-ground-giass stopper, or an Erlenmeyer flask having a specially 
flanged neck for the I test. Reweigh the buret or beaker and determine the amount 
of sample used. (If desired the sample may be weighed in a small wide-mouthed vial 
and the vial containing the weighed sample placed in the bottle or flask.) Add 10 cc 
of (TICP. Whirl the bottle or flask to dissolve the sample. Add 10 cc of CHCI5 to 2 
empty bottles or flasks like that used for the sample. Add to each bottle or flask 25 
cc of the Wijs soln, 1(d), and let stand with occasional shaking for 1 hour in a dark 
place at a temp, of from 21 to 23°. Add 10 cc of the 15% KI soln and 100 cc of 
IKO, and titrate with standard Xa.S.Oa soln, 1(e), using starch as indicator. The 
titrations on the 2 blank tests should agree within 0.1 cc. From the difference be- 
tween the average of the blank titrations and the titration on the sample and the 
I value of the thiosulfate soln, calculate the I number of the sample tested. (I num- 
ber is given in centigrams of I to 1 g of sample.) 

ROSIN 

11 Liehermann-Storch Tesi^ 

To about 1 g of the fatty acids add 15 cc of acetic anhydride and shake until soln 
is complete. Pour a few drops of this soln on a white porcelain plate (a crucible cover 
serves well) and add a drop of H2SO^ (sp. gr. 1.53). A fugitive violet color indicates 
rosin. 

12 Halphen-Hicks TesP 

Test the fatty acids with the Ilalphen-Hieks reagent as follows: 

Soln A.— Dissolve 1 part by volume of phenol in 2 parts by volume of CCU. 

Soln R.- -Dissolve 1 part by volume of Br in 4 parts by volume of CCI4. 

i if appreciable amounts of r<xsin or of unsap on ifi able matter are found to be alxsent in the vehicle of a 
paint the I number of the fatty acids gives the best indication (tho not proof) of the presence of linseed oil. 
An I number of less than 175 .(Wijs) for the fatty acids is an indication that the non-volatile vehicle was 

*^”^‘*^Lewkowit!foh^ Chemical Technology and Analysis of Oils, Fats and Waxes, Vol. 1, p. 623 (1921). 

^ ./. Ind. Eng. Chern., 3 , ( 1911 ). 
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Add 1-2 cc of Soln A to about 1 g of the fatty acids and pour this mixture into a 
cavity of an ordinary porcelain color-reaction plate until it just fills the depression. 
Immediately fill an adjacent cavity with Soln B. Cover the plate with an inverted 
watch-glass and note the color, if any, produced in the former soln by the action of 
the Br vapors from Soln B. A decided purple or deep indigo blue color is an indica- 
tion of the presence of rosin. 

PIGMENT 

13 Qualitative and Quantitative Examination 

A complete qualitative analysis, following the well-established methods, should 
be made and the quantitative scheme modified as required. Add acetic acid slowly 
to the pigment until all carbonate is decomposed (noting w’^hether any H 2 S is 
evolved); then add a large excess of acid NH^ acetate soln, 1(h), boil, filter, and lest 
the filtrate for metals other than Pb and Zn (especially Ca and Ba). The absence of 
Ca in this filtrate indicates that the extending pigments contain no CaCOs or CaS 04 ; 
the absence of Ba indicates that the extending pigments contain no BaCOs.^ ^Vash 
the matter insoluble in acid XH 4 acetate soln with another portion of this soln, and 
finally with hot H 2 O. This insoluble matter is dried, ignited, and tested for siliceous 
matter, BaS04, and Ti compounds. To test for the Ti compounds, place a small 
amount of the insoluble matter, or of the original sample (about 0.5 g), in a 250 cc 
Pyrex glass beaker; add 20 cc of concentrated H 2 SO 4 and 7-8 g of (NH 4 ) 2 S 04 . Mix 
well, and boil for a few min. A residue denotes the presence of Si02 or siliceous 
matter. Cool the soln, dilute with 100 cc of H 2 O, heat to boiling, settle, filter, and 
wash with hot 5% H 2 SO 4 until free from Ti. The residue may be tested for Pb, Ba, 
and SiOj. Add H 2 O 2 to a small portion of the filtrlT^) a clear yellow-orange color 
indicates the presence of Ti. Boil another portion of the filtrate with metallic tin 
or Zn. A pale blue to violet coloration indicates Ti. Treat another portion fabout 1 
g) of the pigment with 20 cc of HCI (1 -j-l) and note whether any H 2 S is evolved; boil 
the soln for about 5 min,, add about 25 cc of hot H 2 O, filter, and wash with hot 
HtO. Render a small portion of the filtrate alkaline with NM 4 OH, acidify with HCI, 
and add a little BaCU soln; a white precipitate tBaSO*) indicates the presence of a 
soluble sulfate. To another portion of the filtrate add a little HiS (.)4 <a white pre- 
cipitate indicates the presence of Pb, soluble Ba or both bsome ('aSO* may also 
separate); filter, wash to remove free acid, and treat the precipitate with a few 
drops of KI soln (the formation of yellow Pbl 2 indicates the presence of Pb). The 
white precipitate may also be treated with H 28 water; the fornjation of black PhS 
indicates the presence of lead. To another portion of tlie original filtrate add NIUOII 
until alkaline, render slightly acid with acetic acid, heat to boiling, and add a little 
K 2 Crj 07 soln; a yellow or orange-yellow precipitate indicates the presence of Pb, 
soluble Ba or both. To another portion of the original filtrate add a few drops of 
K 4 Fe(CX )8 soln. A white precipitate with a bluish tinge indicates the presence of 
Zn. Pass into the remaining portion of the original filtrate a current of IHS for 5-10 
min., add an equal volume of 1120, and pass H 2 S into the soln for about 5 min.; 
filter, w'ash with HjS water; then digest the precipitate with NIH polysulfide, fijter, 
acidify the filtrate with fICl, and warm; the presence of 8b is indicated by the 
separation of an orange colored precipitate. The filtrate from the H 2 S precipitate 
may be tested for Ba, Ca, and Mg in the usual manner. 

J If the oriidnal sample contained BaCOi and PhSO*, (yaS 04 or other soluble sulfate, the soluble Ha w ill 
fonn with the soluble sulfate a precipitate of BaSO*. which will he determined as “insoluble matter. ' If the 
■jample contained rirSOt or SrCfij, some SrHO^ may be counted as BaSO*, some Sr w ill count us .Holiible Ba, 
and some may be counted as CaO. Thi-s element i.s not .separated, as it probably will not be encountered, 
or will be present as an impurity in the Ba and Ca compounds. 
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14 SPECIFIC GRAVITY 

If the determination of sp. gr. of the pigment is required, determine according 
to the Standard Methods of Test for Specific Gravity of Pigments (Serial Designa- 
tion: D 153 -27) of the American Society for Testing Materials.^ 

SINGLE PIGMENTS 

15 BASIC CARBONATE OF LEAD 

(a) Total Lead (Cravwtetric ). — Dissolve 1 g in 20 cc of HNO3 (1+1) in a covered 
beaker, heating till all COsis expelled; wash off cover, add 20 cc of H2SO4 (1 +1), evap- 
orate to fumes of SO3, cool, and add about 150 cc of HjO and 150 cc of alcohol; let 
stand in cold H2O 1 hour, filter on a Gooch crucible, wash with 95% alcohol, dry at 
110°, and weigh PbS04; calculate to PbO or to basic carbonate.^ Instead of deter- 
mining the Pb as sulfate, the sample may be dissolved by boiling with acetic acid; 
then dilute to about 200 cc with H^O, make alkaline with NH4OH, then acid with 
acetic acid, heat to boiling, and add 10-15 cc of a 10% soln of K2Cr207; heat till the 
yellow precipitate assumes an orange color. Let settle and filter on a Gooch crucible, 
washing by decantation with hot H2O till the washings are colorless, finally trans- 
ferring all the precipitate. Wash with 95% alcohol and then with ether; dry at 110° 
and weigh PbCTOi. (Any insoluble matter should be filtered out before precipitating 
the Pb.) 

(b) Total Lead {Volumetric ), — Dissolve 0.5 g of sample in 10 cc of HCl, boil till 
soln is effected, cool, dilute to 40 cc, and neutralize with NH40H. Add acetic acid 
until distinctly acid, dilute to 200 cc with hot H2O, boil, and titrate with NH4 
molybdate as follows: 

Dissolve 4.25 g of NH4 molybdate in H^O and make up to 1 liter. To standardize 
this soln, dissolve about 0.2 g of pure Pb foil in HNO3 (pure PbO or PbS04 may also 
be used), evaporate nearly to dryness, add 30 cc of H2O, then 5 cc of H2SO4 (sp. gr. 
1.84), cool, and filter. Drop filter wuth PbS04 into a flask, add 10 cc of HCl, boil till 
completely disintegrated, and add 15 cc of HCl, 25 cc of H2O, and NH4OII till 
alkaline. Acidify with acetic acid, dilute to 200 cc with hot H2O, and boil. Titrate, 
using an outside indicator of 1 part of tannic acid in 300 parts of H2O. 

It should be noted that when Ca is present, it forms a more or less insoluble 
molybdate, and results arc apt to be high. With samples containing less than 10% 
of Pb, the Pb should be precipitated as PbS04, filtered, redissolved, and titrated as 
in the process of standardizing. 

(c) Lead Carbonate and Lead Hydroxide . — Determine CO 2 by evolution with di- 
lute HCl, absorbing in soda lime or KOH soln. Calculate CO2 to PbCOs, subtract 
PbO equivalent from total PbO, and calculate residual PbO to Pb(OH)j. 

The following method of A. N. Finn (unpublished) gives total basicity of a pure 
white lead: Place 2 g of pigment in an evolution flask, add a little CO2 free H2O, 
connect up to the separatory funnel and condenser (Knorr type), add thru the fun- 
nel, finally washing dowm, 100 cc of 0.25 N HNO3, boil, and absorb the CO* in soda- 
lime tube in the u.siial manner (having H2SO4 and CaCL drying tubes in train), and 
weigh. To the soln in the evolution flask add about 20 cc of neutral Na2S04 soln and 
titrate with 0.25 N NaOH soln (carbonate-free), using phenolphthalein. CO2 is cal- 
culated to PbCOa. The amount of 0.25 N acid corresponding to the CO2 is calculated 
and deducted from the total amount of 0.25 N acid neutralized by the sample and 
the difference is calculated to Pb(OH)2. 

* 1933 A.S.T.M. Standards, Part II, p. 568. 

Tiiis rnetliod of weighing lead sulfate is not accurate in the presence of calcium compounds. 
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16 ‘ BASIC SULFATE OF LEAD 

(a) Qualitative Analysis. — Test for matter insoluble in acid ammonium acetate 
soln, Uh), for calcium, for carbonates, and for any other impurities suspected, by the 
regular methods of qualitative analysis. 

(b) ^fo^sfurf. — Place I g of the sample in a tared, wide-mouthed, short weighing 
tube provided with a glass stopper. Heat with stopper removed for 2 hours at a 
temp, between 105 and 110'’. Insert stopper, cool, and weigh. Calculate loss in 
weight as moisture. 

(c) Insoluble Impurity and Total Lend. — In a 250 ce beaker, moisten 1 g of the 
pigment with a few drops of alcohol; add 50 cc of acid ammonium acetate soln, 
1(h). Heat to boiling and boil for 2 min. Decant thru a filter paper, leaving any 
undecomposed matter in the beaker. To the residue in the beaker, a<id 50 cc of the 
acid ammonium acetate soln, heat to boiling and boil for 2 min. Filter thru the 
same paper and wash with hot HsO. If an appreciable residue remains, ignite and 
weigh as insoluble impurity. Tnitc the acid ammonium acetate .solns, heat to boil- 
ing, and add dropwisc, while stirring, a slight excess (total of 10 15 cc) of a 10% 
soln of dichromate. Heat until the preci]ntate assumes an orange color, let settle, 
filter on a weighed Gooch crucible, wash by decantation with hot IDO until the 
washings are colorless, and finally transfer all the precijiitate to the crucible. Then 
wash with 10 cc of 95% ethyl alcohol and finally with 10 cc of ethyl ether. Dry at 
105-1 10'’, cool, and weigh PbCrO^. Calculate to PbO by multiplying by the factor 
0.69. 

(d) Zinc Ozide . — Weigh accurately about 1 g of tlie pigment, transfer to a 400 c(‘ 
beaker, adtl 30 cc of HCl O +2), and boil for 2 or 3 min. Aild 200 ec of H2O and a 
small piece of litmus paper. Add XH4OH until slightly 'alkaline, render just acid 
with HCl, then add 3 cc of HCl, heat nearly to boiling, and titrate with staiidaial 
potassium ferrocyanide as in standardizing that soln, 1(1) C'alc\date total zinc as 
ZnO. 

fe) Lend Sulfate. — Treat 0.5 g of the pigment in a 400 cc beaker with a few drops 
of alcohol, add 10 cc of bromine H^O, 10 cc of II ('I M -fl) and 3 g of XIGCl, Cover 
with a watch-gla.<s anti heat on a steam bath for 5 min. Add hot IDO to give a total 
volume of about 200 cc, boil for 5 min., filter to separate any insoluble matter 
(a pure pigment should be com[)letelv disso]ve<l), and wash thoroly with hot IDf). 
'The insoluble matter may be ignited, weighed, and examined qualitatively.) 
Neutralize the clear soln uiriginal soln or filtrate from insoluble matter) in a covered 
beaker with rlry XajCOi, aibl 1 g more of dry XaA'CD, and boil 10 15 rnin. Wash off 
cover, let settle, filter, and wash with hot IDO. Rcdissolve the juecipitate in IK'l 
(T-rl), reprecipitate with Xa2l'0, as abr)ve, filter, and wasli thoredy with hot IDO. 
.\eidify the united filtrates with IK'l, adding about 1 cc in excess. H(»il to expel 
Br, and to the clear boiling soln adrl slowly, while stirring, 15 cc of 10% BaClj 
.soln. bet stand on the steam bath for about 1 hour, filter on a weighed Gooch 
crucible, wash thoroly with boiling IDO, dry, ignite, cool, and weigh as BaSO^. 
Calculate to PbSOi, using the factor 1.3. 

(f) Calculations. — Calculate the percentage of PhSO^ to PbO by nndtiplying by 
the factor 0.730 and subtract the result from the ])orrcntagc of PbO found under 
''c), reporting the difference as PbO. Report ZnO fotind iinder fd) as jmrccnlage of 
ZnO. Report moi.sture and in.s()Iui>le matter as such. 

17 ZINC OXIDE 

fa) Total Zinc. I)i>s(dve 0.25 0.3 g in 10 cc of IK'l and 20 cc of lljOi’make 

alkaline with NflAHI, then acid with HCl; add 3 cc more of IK'l, <libitc to about 
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250 cc with H2O, heat nearly to boiling, and titrate with standard K4Fe(CN)6 soln 
as in standardizing that soln, 1(1). Mn, Fe, and Cn interfere. If they are present in 
the sample, remove as follows: Add to the cool HGl soln of Zn 35 cc of a prepared 
soln of NH4OH and NH4CI (50 cc NII4OH, 20 g NH4CI and 75 cc HaO). Boil the 
soln very gently for a minute or two. Add saturated Br water and continue the 
boiling for a .short time. Filter the hot soln and wash precipitate 10 times with a 
nearly boiling NH4CI mixture (100 g NH4CI and 50 cc NH4OH made up to 1 liter 
with H2O). Drop a small piece of litmus paper in the filtrate and cautiously neutral- 
ize with IICl, finally adding 3 cc in excess. Dilute, if necessary, to about 200 cc with 
hot H2O, heat nearly to boiling, and add 50 ce of saturated H2S water. The mixture 
is now ready for titration with the K4Fe(CN)6 soln. 

(b) Total Soluble Sulfur} — Moisten a 10 g sample with HjO, add a few drops of 
Br and then HCl, boil to expel Br, filter from any insoluble matter, and wash with 
hot H2O. Make alkaline with NH4OH, then just slightly acid with HCl, heat to 
boiling, and add about 15 cc of hot BaCb soln. Let stand several hours (overnight), 
filter on a w^eighed Gooch crucible, wash well with hot H2O, dry, ignite for 5 min., 
cool, and weigh as BaS04. Calculate to S. 

18 LITHOPONE 

(Ponolith, Jersey Lily White, Becton White, Charlton White, Orr’s White) 

(a) Insoluble and Total Zinc,- Take 1 g of the sample in a 200 cc beaker, add 10 
cc of HCl, mix, and add in small portions about 1 g of KClOj, then heat on the 
steam bath until about half of the liquid is evaporated. Dilute with II 2O, add 5 cc 
of 112804 (1+10); boil, let settle, filter, wash, ignite, cool, and weigh the insoluble 
which should he only BaSOi; make a qualitative examination for AI2O3 and Si02. 
The insoluble should be examined under the microscope for the presence of natural 
crystalline barytes. Sample may also be examined direct. Make filtrate from the 
insoluble alkaline with XH4OH, then acid with HCl; add 3 cc more of HCl, dilute 
to about 250 cc with H2O, heat nearly to boiling, and titrate with K4Fe(CN)6 soln 
as directed under 17. Calculate to Zn. 

(b) Zinc Oxide. — Weigh accurately 1 g of the lithopone, transfer to a 250 cc 
beaker (moisten with a few drops of alcohol if an extracted pigment), add about 
100 cc of 1"3% acetic acid, stir vigorously but do not heat, cover, and let stand for 
18 hours, stirring once every 5 min. for the first 30 min. Filter, wash with 1 to 3% 
acetic acid followed by H2O until the washings give no test for Zn with K4Fe(CN)6 
soln. Dilute the clear filtrate to about 200 cc with HoO, add 30 cc of HCl (1 +2), and 
a small piece of litmus paper; add NHiOH until slightly alkaline, render just acid 
with HCl, then add 3 cc of HCl, heat nearly to boiling, and titrate with standard 
K4Fe(CN)6 soln as described under 1(1). Calculate to ZnO. Calculate this result to 
Zn, subtract from total Zn, and calculate the difference to ZnS. (Any ZnCOs or 
ZnS04 is included in the ZnO.) 

(c) Zinc Sulfide} — Place 0.5 g of pigment in evolution flask with about 10 g of 
“feathered” or mossy Zn, add 50 cc of H2O; insert the stopper carrying a separatory 
funnel and an exit tube. Run in 50 cc of HCl from the funnel, having previously 
connected the exit tube to 2 absorption flasks in series; first flask contains 100 cc of 
alkaline Pb(N03)2 soln, second flask, 50 cc of same as a safety device. After all the 
acid has run into the evolution flask, heat slowly, finally boiling until the first 
appearance of steam in the first absorption flask; disconnect, let the PbS settle, 

1 Method of G. HiKt?. 

'Evolution method of W. G. Scott, White Paints and PaintinK Material, p, 257 ; see also Blair, Chemi- 
cal Analysis of Iron. 
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filter, .wash with cold HjO, then with hot H3O till neutral to litmus paper and wash- 
ings give no test for Pb, The PbS precipitate is dissolved in hot, dilute HNO3, 
evaporated to fumes with H2SO4 and finally w^eighed as PbSO^. Calculate PbS or 
PbS04 to ZnS. 

The alkaline Pb soln is made as follow's: into 100 cc of KOH soln (56 g in 140 cc 
of H3O) pour a saturated soln of Pb(N03)2 (250 g in 500 cc of H2O) until the pre- 
cipitate ceases to redissolve, stirring constantly while mixing- About 3 volumes of 
the Pb soln will be required for 1 of the alkali. 

Instead of absorbing the evolved II^S in alkaline Pb(N03)2 soln a soln of 8 g of 
CdClz in 250 cc of HiO and 150 cc of NH4OH (sp. gr. 0.90) may be used, The CdS 
precipitate may be filtered on a weighed Gooch, washed with H2O containing a 
little XH4OH, dried at 100°, and weighed. Calculate to Zn8. It is better to filter the 
CdS on a small filter and w'ash as above, then place filter and precipitate in a beaker 
and dissolve in HCl and KCIO3 (keeping at room temp, at first), filter out any 
paper pulp or insoluble matter; make filtrate alkaline with Nll^Oll, then just acid 
with HCl, heat to boiling, and precipitate with BaCh in nsual manner. Filter, wash, 
ignite, and weigh BaSOj. Calculate to ZnS. 

For very rapid work the contents of the absorption flask, after all \\ 2 ^ has been 
absorbed, may be washed into a vessel with cold 11 .d) and dibit ed to aiiout 1 liter, 
acidified with HCl, and titrated with standard I soln. Use starch indicator. (The 
precipitate should be completely dissolved.) Prepare the I soln by dissolving about 
12.7 gof pure resublimed I and IS g of Ivl in a little H2O and diluting to 1 liter, 

19 TITANIUM PIGMENT 

(a) Titanium Oxide , — Transfer 0.5 g of the dried sample to a 250 cc Pyrex beaker 
and add 20 cc of and 7-S g of (X 1102^04. Mix w ell and heat on a hot plate 

until fumes of H2SO ; are evolved, and then continue the heating over a strong ilame 
until soln is complete (about 0 min. of boiling) or it is apparent that the residue is 
composed of SiO-j or siliceous matter. Caution should lie observed in visually ex- 
amining this hot .soln. Cool the soln, dilute wdth 100 cc of H20,stir, heat carefully to 
boiling w'hile stirring, let settle, filter thru paper, and transfer the entire precipitate 
to the paper. Wash the insoluble residue with cold 5% (by volume) Il-iSO^ until Ti 
is removed. 

Dilute the filtrate to 200 cc and add about 10 cc of XII4OH (sp. gr. 0.90) to low’er 
the acidity to approximately 0 % H2LSO4 (by volume). 

Wash out a .Jones redactor^ with dilute 5% hy volume H2SO4 and H2O, leaving 
sufficient II2O in the redactor to fill to the upper level of the Zii. (These w'a.shing.s 
should require not more than 1 or 2 drops of 0.1 .V KMn04 soln to obtain a pink 
color). Empty the receiver, and put in it 25 cc (measured in a graduate) of ferric 
sulfate soln, 1 (u). Reduce the prepared Ti soln as folio w.s^: 

(1) Run .50 cc of the 5% 112804 soln thru the redactor at a speed of about 100 cc 
per min. 

(2) Follow this with the Ti soln. 

(3) Wa,sh out wdth 100 cc of 6% IGSOi. 

(4) Finally run thru about 100 cc of HzG. Sec that the redactor is always filled 
with soln or H2O to the upper level of the Zn. Gradually release the suction, thoroly 
W'ash the glas.s tube that was immersed in the ferric sulfate soln, remove the re- 
ceiver, and titrate immediately wdth 0.1 .V KMnUi soln. I cc of 0.1 .V KMn04 = 

I f>irection.H for preptrinst a for\e-t reioctor fruy be found m lilair, Tlie Gliemical Analysis of Iron, 8lh 
I'ki., pp. 88-81, or i'rearitvcU-flall, Analytical Chemiatry, Vol. 2, 5tli Kd. 

* Lundell and Knowles, J, .l/n, Chem, 6V,, 45, 20‘J0 
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0.0048 g of Ti or 0.008 g of Ti02. Run a blank determination, using the same re- 
agents and washing the reductor as in the above determination. Subtract this per- 
manganate reading from the original reading and calculate the final reading to 
TiO^. This will include Fe, Cr, As, and any other substance which is reduced by Zn 
and acid. See calculations under (b) for reporting TiOg. 

(b) Iron Oxide . — Weigh 1 g of the sample and treat as directed in (a) as far as 
"dilute with 100 cc of HaO,'' 6th line; transfer without filtering to a graduated 200 
cc flask, cool, fill to the mark with H2O, mix, let settle, and determine Fecolorimet- 
rically as follows: Filter thru a dry filter paper, discarding the first 20 cc; transfer 
50 cc of the clear filtrate to a clean 100 cc Nessler tube or other comparator. Add a 
drop or two of 0.1 N KMn04 soln to oxidize any ferrous Fe. The faint pink color 
should persist for at least 5 min. Add 10 cc of KCNS or (NHOCNS soln, l(w), 
dilute with HjO to 100 cc and mix thoroly. Compare the color immediately with 
a series of standards, prepared side by side with the sample, in similar tubes. Pre- 
pare the standards from the standard ferric sulfate soln, l(v), so as to have a range 
of from 0.000005 g Fe to 0.00004 g Fe (0. 5-4.0 cc), Transfer the desired volumes of 
the standard ferric sulfate soln to 100 cc Nessler tubes containing 50 cc each of an 
acid soln made up by dissolving 8 g of (NH4)2S04 in H2O, adding 20 cc of H2SO4, 
cooling, diluting with H2O to 200 cc, and mi.xing. Add a drop of 0.1 N KMn04 soln 
(or sufficient to yield a pink color that will persist for 5 min.), and then 10 cc of 
the thiocyanate soln. Finally dilute all standards with H2O to 100 cc and mix each 
thoroly. 

Note.— For a single sample it is more convenient to run the standard Fe soln 
from a buret into a Nessler tube, containing 50 cc of acid soln (made by dissolving 
8 g of (NH4 ).jS 04 in H^O, adding 20 cc of H2SO4, cooling and diluting with HjO to 
200 cc, and mixing), a drop of O.l N KMn02 soln, 10 cc of the thiocyanate soln, and 
then dilute with distilled H^O until the depth of the color produced after diluting 
100 cc and mixing, exactly matches that of the sample. From the buret reading cal- 
culate the amount of Fe. When using standards, the color comparisons must be 
made immediately. 

Calculate the total Fe found to Fe203 and report as such. Calculate the Ti02 
equivalent by multiplying the Fe20« result by the factor 1.003 and subtract this 
figure from the total Ti02 as determined in (a) and report the remainder as Ti02. 

Report all results on the dry or moisture-free basis. 

MIXED OR COMPOSITE PIGMENTS 

20 MOISTURE^ (MATTER VOLATILE AT 105-110^) 

Place 1-2 g of the sample in a wide-mouthed, short weighing tube provided with 
a glass stopper. Heat with the stopper removed for 2 hours at a temp, between 105 
and 110°. Insert the stopper, cool, and weigh. Calculate the loss in weight as mois- 
ture (matter volatile at 105-110°). 

21 LOSS ON IGNITION 

Ignite 1 g of .the pigment in a porcelain crucible over a Meker burner to constant 
weight.^ 

22 INSOLUBLE MATTER 

Moisten 1 g of the sample with a few drops of alcohol, cover, add 40 cc of HCl 
(1 -hl)> and boil gently for 5-10 min. Wash off cover, evaporate to dryness, and lieat 

• On an extracted and dried pigment, this determination is of little value. If the original paint contained 
gypsum, a part of the ooinhiaed H 3 O of the latter will be driven off in the drying of the extracted pigment 
and in the ‘'moisture" determination. 

* This determination may serve as a rough or approximate check in many cases on the COi, HjO, etc. 
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at about 150*^ for 30 min. to 1 hour to dehydrate the residue. Moisten the residue 
with 4 cc of HCI, allow to stand a few minutes, dilute with 100 cc of hot H20, boil 
a few minutes, filter hot thru paper, and wash with hot HzO till washings give 
no test for Pb and Cl. Ignite the' paper and residue in a Ft or porcelain crucible, 
cool, and weigh total insoluble matter.^ The insoluble matter may be filtered off on 
a Gooch crucible, w'ashed with hot H 2 O, dried at 105®, cooled and weighed; then 
ignited, cooled, and weighed, *when it is desired to get the loss on ignition (combined 
H 2 O, organic matter, etc.), or when the insoluble matter is not to be further exam- 
ined. If the sample contains titanium pigment, practically all the Ti02 will be found 
in the insoluble matter along with BaS 04 and siliceous matter. Should au examina- 
tion of the insoluble matter be necessary, it is advisable to rtemove the Ti 02 before 
proceeding further. The TiOa may be removed (or determined on a separate por- 
tion) as directed under 19 . After removing the Ti02, the residue containing siliceous 
matter and BaS 04 may be ignited to remove the filter. To determine BaSO^, mix the 
ignited insoluble matter with about ten times its weight of anhydrous Na 2 C 03 
(grinding the mixture in an agate mortar if necessary) and fuse in a covered Ft 
crucible, heating about 1 hour. Cool and place the crucible and cover in a 200 cc 
glazed porcelain casserole (a casserole is preferable to a beaker as silica is dissolved 
fro* glass when in long contact with a strong NasCOa soln). Add about 100 cc 
of H 2 O and heat until the mass is disintegrated. Filter on paper into a 300 cc glazed 
porcelain casserole (leaving crucible and cover in the original casserole) and wash 
the casserole and filter thoroly with a hot soln of Na 2 C 03 (1%). Place the casserole 
containing the crucible and cover under the funnel, pierce the filter with a glass rod, 
and wash the residue into the original casserole by means of a jet of hot H^O. Wash 
the paper with hot IICl (1+1) and then with hot H 2 O. Remove the crucible and 
cover. Evaporate+he HCI soln to dryness, and heat at about 150*^ for 30 min. to 
1 hour; moisten the residue with about 10 cc of HCI, dilute with 100 cc of hot H 2 O, 
boil a few minutes, filter hot thru the paper and wash thoroly with hot H 2 O. Dilute 
the filtrate to a volume of 300 cc, bring to boiling and add, dropwise, 5 cc of H 2 SO 4 
(1+4). Allow to stand in a warm place about an hour, filter on a weighed Gooch 
crucible, wash with hot HjO, ignite, cool, and weigh as BuSOi. Su\>tract the sum 
of the percentages of BaSOi and Ti 02 from the percentage of total insoluble matter 
and report the result as the percentage of insoluble siliceous matter.^ 

To determine silica, acidify the filtrate from the BaCOs filtration with IK'l, boil 
to expel CO 2 , evaporate to dryness, hake to deh\'drate the silica, moisten with HGl, 
dilute with 100 cc of hot H 2 O, boil, and filter thru the same paper as was used to 
recover silica from the BaCOa portion. Wa.sh thoroly with hot H 2 O and proceed 
as in silicate analysis. 

If it Ls desired to determine magnesium, combine this la.st filtrate with the filtr.ate 
from the final BaSO* separation and test for AI 2 O .1 and MgO in the usual way. To 
recover MgO that may have dissolved in the procedure for the elimination of the 
TiOz, make the filtrate containing the Ti 02 just alkaline with NII4OH, bring to 
boiling, filter, and wash. The filtrate may be tested for MgO. Any AI 2 O 3 present 
will be precipitated along with the Ti 02 . To recover this, ignite and weigh as TiO^ 
and AI 2 O 3 . Deduct for TiOz present in the sample; the difference is AI 2 O 3 . 

23 TOTAL LEAD AND ANTIMONY 

Unite the filtrate and washings (total volume 150-200 cc) from the total in- 
soluble matter, pass H 28 into the soln until it is saturated, add an equal volume of 

> See Ref. I, under 15. 

* Any soluble (reaCJ*! and in most ca.se.5 MgO, and siometimea some CaO, come from the siliceous 
pigment used. MgO generally denotes llie presence of a.sbestine. 
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H3O, and again saturate with H 2 S. Filter, wash with H 2 O containing a little H 2 S 
and dissolve in hot HNO3 (1+3), washing the paper with hot H2O. Add 10-20 co 
of H 2 SO 4 ( 1 + 1 ), evaporate until copious fumes of H 2 SO 4 are evolved, cool, and add 
about 75 cc of H 2 O, and then about 75 cc of 95% ^hyl alcohol. Stir, let settle, filter 
on a Gooch crucible, wash with dilute alcohol, sLpd dry in an oven at 105-110*^; 
or, ignite gently in a radiator^ or muffle, cool, and weigh as PbS 04 . Calculate to 
PbO.2 

If the pigment contains Sb, filter and w'ash the sulfide precipitate as above; then 
wash the precipitate with a fine jet of H 2 O from the paper into a porcelain dish or 
casserole, add 25 cc of NH 4 polysulfide, l(i), cover the vessel, and warm the mixture 
at 40-60° for 10-15 miu- with frequent stirring. Wash off cover, filter thru the paper 
used in the first case^' and wash with 2-3% Na 2 S or (NH 4 ) 2 S soln. Discard the fil- 
trate. Dissolve the residue in hot dilute HNO 3 (1+3), and determine the lead as 
PbS 04 , as described above. Or, the original sulfide precipitate may be discarded 
and the Pb determined on a separate portion of the pigment as follows: To 1 g of 
the sample in a covered beaker, add 40 cc of HCI (1 + 1) and boil gently for 5-10 
min. Wash off cover and evaporate to dryness. To the residue add sufficient HCI 
to dissolve the PbS 04 (with pigments containing considerable amounts of PbS 04 , 
it may be necessary to add 15-20 cc of HCI), add about 50 cc of hot II 2 O, boil a 
few min., filter hot thru paper, and wash with hot H 2 O until washings give no test 
for Pb, (If the sample contains no unsoluble matter filtration is omitted.) To the 
filtrate add 20 cc of II 2 SO 4 (sp. gr. 1,84) and evaporate until dense white fumes of 
H 2 S 04 arc copiously evolved. Allow to cool, but not below 60°, and then add slowly 
50 cc of H 2 O while the soln is agitated. Heat to boiling for several min. in order to 
insure complete soln of Sb sulfate. Allow the PbS 04 to settle out until the superna- 
tant liquid is clear, not letting the temp, fall below 60°. If the liquid does not clear 
quickly heat it for a longer period. When clear, pour the soln thru a weighed porce- 
lain Gooch crucible with asbestos mat, decanting the soln as completely as possible 
without allowing more than a very small amount of PbS 04 to go over into the cruci- 
ble. Now add 10 cc more of II 2 SO 4 (sp. gr. 1.84) to the PbS 04 in the original beaker, 
and boil for several min. Cool, add slowly 30 cc of H 2 O, and again heat to boiling 
for a few" minutes; allow" the soln to cool to about 60° and completely transfer the 
PbS 04 to the Gooch crucible. Wash wfith “lead acid,” l(j), to remove soluble sul- 
fates and finally w-ash free of acid w"ith dilute alcohol (equal parts of ethyl alcohol 
or denatured alcohol and H 2 O). Dry in an oven at 105-110°, or ignite gently in a 
radiator or muffle. Calculate to PbO, or determine as chromate as described below. 

If soluble compounds of Ba or Ca are present, BaS 04 and CaSOi will be included 
wuth the PbS 04 . If soluble Si 02 is present, it wull also be included wuth the PbS 04 . 
In such cases, the PbS 04 precipitate, after being w-ashed wuth dilute alcohol, may be 
dissolved in acid NH 4 acetate, 1 (h), and the Pb determined as PbCr 04 , as described 
below. For ordinary work, the amount of BaS 04 dissolved by the acetate treatment 
may be disregarded. 

If the pigment contains no soluble Sb, Ba, or Ca compounds, the Pb may be 
determined directly on the original pigment, as follows: To 1 g of the sample in a 
covered beaker, add 25 cc of HNO3 (1+1), and boil gently a few' min. Wash off 
cover, evaporate to dryness on a steam bath, moisten with HNOs, add hot HaO, 
and heat a few min. Filter, and w'ash wuth hot H 2 O until washings are Pb-free. Add 

> C/. S. (7eo?offtVdS?irj)fj^Bw?L700 (19I9), p. 33. ", 

Mt is not passible to determine the amount of basic lead carbonate and lead sulfate when carbonates or 
soluble sulfates of other metals, such as calcium, are present. Neither basic lead carbonate nor basic lead 
sulfate is a definite compound. 
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10-20 cc of H 2 SO 4 (1 +1) to the clear soln, evaporate, and determine Pb as PbSO^, 
as above described. 

In the absence of soluble compounds of Sb, Fe, Al, and Ba, the following pro- 
cedure may be used: Treat 1 g of the original pigment with 25 cc of HNO 3 (1 +1) 
and proceed as above. To the clear soln, diluted to 200 cc, add NH 4 OH in slight 
excess, acidify with acetic aci^, and add 4-6 cc more of this acid; heat to boiling 
and add 10-15 cc of a 10% spin of K 2 Cr 207 . Heat until the yellow precipitate as- 
sumes an orange color and let settle. Filter on a weighed Gooch crucible and wash 
by decantation until the washings arc colorless, finally transferring all the precipi- 
tate. Wash with 95% alcohol and then with ether; dry to constant weight at 110°. 
cool, and weigh PbCrO^. Calculate to PbO. 

ANTIMONY OXIDE 

24 Method L In the ous condition 

Transfer 0.3 g of a straight antimony oxide pigment, or 0.5 g of a mixed pigment, 
to a 500 cc Pyrex Erlenmeyer flask, and add 15 cc of H 2 O and 25 cc of HCl. Cover 
with a watch-glass, warm on the steam bath 10-15 min. to dissolve the antimony 
oxide, wash off cover, and add 250 cc of H 2 O and 15 cc of H 2 SO 4 . Boil 2 min., cool 
to 10-15°, and titrate to a faint pink tint with 0.1 X KMnO* soln, l(k). Calculate 
to SbjO,. 

25 Method II, In ous and ic condition 

Transfer 0.3 g of a straight Sb 203 pigment, or 0.5 g of a mixed pigment, to a 500 
cc Pyrex Erlenmeyer flask, add 15 cc of H 2 SO 4 (sp. gr. l.Sl), 10 g of K 2 SO 4 , and a 

9 cm filter paper (to furnish C to act as a reducing agent). Place a funnel in the 
neck of the flask, and heat until the soln becomes colorless, (’ool, wash off the 
funnel, dilute to 250 cc with H 2 O, add 20 cc of HCl, and boil 2 min.; cool to 10-15°, 
and titrate to a faint pink tint with 0.1 .V KMriOi soln.^ 

26 Method III, In the presence of appreciable amounts of iron 

Treat 1 g of the mixed pigment, or 0.3 g of a straight Sb 203 pigment, in a I'overed 
250 cc beaker with 5 cc of H 2 O and 20 cc of HCl (sp. gr. 1.19); heat on the steam 
bath for 15 min., cool, wash off cover, add 3 g of tartaric acid and 100 cc of liot H 2 O, 
and digest a few minutes. Filter, catching the filtrate in a 500 cc Pyrex Erlenmeyer 
flask; wash thoroly with hot H 2 O, dilute to 300 ce with hot ICG, aiul ])ass in H 2 S 
until the precipitation is complete. Gf the sample contains no insoluble matter, 
dissolve directly in a 500 cc Pyrex Erlenmeyer flask, add tartaric acid, dilute, and 
pass in H 2 S.) Filter, wash with ICO containing ICS until free from HCl, return 
paper and precipitate to the Erlenmeyer flask, add 15 ec of ICSO 4 (sp. gr. 1.81) and 

10 g of K 2 SO 4 , place a funnel in the neck of the flask, and heat until the soln is color- 
less. Cool, wash off the funnel, dilute to about 250 cc with ICO, add 20 ce of HCfl 
(sp. gr. 1.19), boil for 2 or 3 min., cool to about 10°, and titrate to a faint i>ink tint 
with 0.1 .V KMn 04 soln, l(k). Calculate the total antimony to 81)203.^ 


^ If the digestion with HiSO« and KjSOt Cplus filter paper* is continued after tlie solution becomes color- 
less, gome of the antimony may be oxidized from the euv to the iV condition. In such rases, cool, wash off 
the funnel, dilute to 100 cc with HjO, add b-2 e of N'ajSOj, and boil until all the SOi is expelled. 1 hi.s is 
shown when no blue color is obtained with starch-iodate paper, Ifrj; the volume will be reduced about 
onC'half. I)ilute to 2.50 cc with HjO, add 20 ec of flTl (^sp. (tr. I lOi, and br>il 2 rnin.; cool to U) !.5®, and 
titrate to a faint pink tint with O.l V KMnO* soln Calculate total .Sb to Sb,()j. Subtract the SbjOi found 
bv the procedure i^iven in the first paragraph under 25 from the total Sf)jCi and calculate the residual 
Sb/)i to SbjOs. 

* See Kef. I above, omitting the last two sentencas. 
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27 SOLUBLE BARIUM 

Boil the combined filtrate and washings, reduced in volume by evaporation if 
need be, from the PbS precipitate (Total Pb) to expel HgS. Add a slight excess of 
H 2 SO 4 (1+4) over the amount required to precipitate the Ba, heat to boiling, let 
stand on a steam bath about 1 hour, filter on a weighed Gooch crucible, wash with 
hot H2O, dry, ignite, cool, and weigh BaS04.^ Calculate to BaO. 

28 ALUMINA (FCiOa, TiO*, P^OO 

Boil the filtrate from the PbS to expel H2S, add a few drops of HNO3, and con- 
tinue the boiling a few min. to oxidize any Fe that may be present. In case soluble 
Ba was present, use the filtrate from that determination. To the soln containing at 
least 5 g of NII4CI per 200 cc of sola, or an equivalent amount of HCl, add a few 
drops of methyl red (0.2% alcoholic soln) and heat just to boiling. Carefully add 
dilute NH4OH dropwise until the color of the soln changes to a distinct yellow. Boil 
the soln for 1 to 2 min. and filter at once. Wash the precipitate thoroly with hot 2% 
NIGC.d soln.^ Ignite the precipitate, cool, and weigh as AI2O3.® 

TOTAL ZINC 

29 Method 1 

To the combined filtrate and washings from the alumina precipitate, add suffi- 
cient NH4CI to give 5 g per 100 cc of soln, and then add 1 g of NH4 acetate.* 

Render slightly acid with acetic acid and pass in a current of H2S to saturation. 
Allow the precipitate to settle completely, filter on paper, and wash with a 2% soln 
of acetic acid saturated with H2S. Transfer the precipitate and filter to the vessel 
in which the precipitation was effected, add 30 cc of H2O and 10 cc of HCl, and heat 
until all Zn is in soln; add 200 cc of H2O and a small piece of litmus paper; add 
NH4()H until slightly alkaline, render just acid with HCl, then add 3 cc of HCl, 
heat nearly to boiling, and titrate with standard K4Fe(CN)6 soln as in standardizing 
that soln, 1(1). 

30 Method II 

Determine zinc directly on the original sample as follows:^ Weigh accurately 
about 1 g (or an amount that will give a buret reading approximately equal to that 
obtained in the standardization) of the pigment, transfer to a 400 cc beaker, add 

30 cc of HCl (1 +2), boil a few min., and add 200 cc of H2O and a small piece of 
litmus paper; add NH4OH until slightly alkaline, render just acid with HCl, then 
add 3 cc of HCl, heat nearly to boiling, and titrate with standard K4Fe(CN)fi soln 
as in standardizing that soln, 1(1). 

31 Method III 

When Fe is present, total Zn may be determined directly on the original sample 
as follows:^ Weigh accurately about 1 g (or an amount that will give a buret reading 
approximately equal to that obtained in the standardization) of the pigment, trans- 

I ritis will include any llaSlU that may have been dissolved as such, 'I'he weighed precipitate should be 
tested for (JaSUw and if present, it should be removed by treating with hot dilute HCl, filtering, washing. 

igniting, and again weighing. Also see Kef. 1 under IS. • ^ i ij j- 1 j • wni 

* For very accurate w'ork, or when the precipitate is large, the precipitate should be dissolved in MCI 
(1-M) and the precipitation repeated. . t> 

» This precipitate may also contain I ejO}, liO I, and l iUt. 

‘Gooch, Representative Procedures in Quantitative Chemical Analysis, 1st ed., p. 107. 

‘ If the sample contains 8b, it should be precipitated by HsS in the hot acid soln, filtered off. washed, 
and the filtrate neutralized, etc., for Zn. The H 2 S precipitate may also contain PbS. If no sulfide separation 
is made, any Cd present will be counted as Za. 
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fer to a 250 cc beaker, moisten with alcohol, add 30 cc of HCl (1 +2), boil for 2 or 
3 min., and add about 100 cc of H2O. Add about 2 g of NH4CI, make slightly alka- 
line with NH4OH, heat to boiling, let settle on steam bath, filter into a 400 cc 
beaker, and wash the residue once with hot H2O. Remove the 400 cc beaker, pour 
dilute HCl on the residue, catching the filtrate therefrom in the 250 cc beaker, and 
wash a few times with hot H2O. Add to this filtrate 1 g of NH4CI and make slightly 
alkaline with NH4OH, boil, let settle, filter on paper used for first filtration, and 
wash thoroly with hot H2O, catching the filtrate and washings in the 400 cc beaker 
containing the first filtrate. Add a small piece of litmus paper, acidify with IICl, add 
3 cc of HCl, heat nearly to boiling, and titrate with standard K4Fe(CN)6 as above. 

32 Method IV 

With pigments containing ZnO and ZnS, the ZnO may be determined as follows: 
Weigh accurately 1 g of the pigment and proceed as directed under 18(b). 

33 SOLUBLE CALCIUM 

Heat the united filtrate and washings, reduced in volume if need be, from the 
ZiiS precipitate, to boiling, and add 1 cc of NH4OH and an excess of a hot saturated 
XII4 oxalate soln. Continue the boiling until the precipitate becomes granular; let 
stand about 1 hour, filter, and wash with hot HjO. Ignite, cool, and weigh as CaO;*-^ 
or place the beaker in which the precipitation was made under the funnel, pierce the 
apex of the filter with a stirring rod, and wash the precipitate into the beaker with 
hot HjO, pouring warm H2S04 (14'4) thru the paper and washing a few times. 
Add about 30 cc of H2S04 (1 +4), dilute to about 250 cc, heat to 90°, and titrate at 
once with standard (0.1 .V) KMnOi soln (the temp, of the soln should not be below 
60° when the end point is reached. See Reagents). Calculate to CaO.® (The Fe 
value of KMnO4X0.502 = CaO value.) 

34 SOLUBLE MAGNESIUM 

Acidify the filtrate from the Ca precipitate with 11(3, and add 10 cc of a saturated 
soln of XaXH4HP04 and NH4OH dropwise, with constant stirring. When the 
crystalline MgXHjPOt has formed, add .5 cc excess of \ ICO II. Allow the soln to 
stand in a cool place for not less than 4 hours, preferably overnight filter, and wash 
with HnO containing 2.5% of XH3. Dissolve the precipitate in a mall quantity of 
hot dilute HCl, dilute the soln to about 100 cc with H2O, add 1 cc of a saturated 
soln of XaXH4HP04 and XH4OH dropwise, with constant stirring, until the pre- 
cipitate is again formed as described, and then add 5 cc excess of NII4OII. Let the 
precipitate stand in a cool place for not le.ss than 2 hours, filter on a Cooch crucible, 
wash with H2O containing 2.5% of XH3, ignite, cool, and weigh as \Ig2P2O7.® ('alcu- 
late to MgO. 

35 CARBON DIOXIDE 

Use 1-2 g of the pigment, depending upon the probable Vi )2 content,** following 

‘ Care be exercised in this washing, as 1000 cc of boiling water will dls.solve over 0.01 g of (JaCt<)<. 

* For more accurate work, ignite the CaCiOi precipitate, cool, cautiously moisten with HjO, redissolve 

in HCl and dilute the soln to 100 cc. Add in slight excess, boil the liquid, filter, and wa.sh if a pre- 

cipitate appears. Then reprecipitate the Ca with NTLOII and {XHjsCtf )< as above, filter, wash, ignite, cool, 
and weigh; or, titrate as described. See also Ilef. 1 under 15. 

* See Kef. 1 under l5. 

* The less the amount of ,Mg present, the longer the precipitate rmi.st be allowed to settle. 

* If the sample contains Mn, it will be caught in large part with the .MgJ^jO?. If desired, Mn may be 
determined by di-ssolving the MgilVn in IlXOi and applying the bi.smuthate method. 

* If the sample is high in sulfide, e.g., contains a high percentage of lithopone, grind 1-2 g of the pigment 
with dry KjCrjO?, tran.sfer to the evolution flask, add .50 cc of HjO and run in HjSfL (1+1) from the 
separatory funnel. Or, place at the front of the purifying and drying train a tube containing acidified CuSO» 
soln, KMnOi soln, or Cr<Ji soln. 
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either of the methods described under the Determination of Carbon Dioxide in the 
Standard Methods of (Chemical Analysis of Limestone, Quicklime and Hydrated 
Lime (A.S.T.M. Designation: C 25-29) of the American Society for Testing 
Materials^ 

36 TOTAL SOLUBLE SULFUR COMPOUNDS^ 

Treat 1 g of the pigment in a 400 cc beaker with 10 cc of H2O, 10 cc of HCl 
saturated with Br, and 5 g of NH4CI. Digest (covered) on a steam bath for 5 min., 
dilute with hot HjO to about 200 cc, boil for 5 min., filter to separate any insoluble 
matter, and wash thoroly with hot HjO. Nearly neutralize the clear soln in a covered 
beaker with NaOH soln, complete the neutralization with dry Na2C03, and add 
about 2 g more of this reagent. Boil 10-15 min., wash off cover, let settle, filter, and 
wash with hot H2O. Redissolve the precipitate in HCl (1 + 1), reprecipitate with 
Na2C03 as above, filter, and wash thoroly with hot H2O. Acidify the united filtrates 
with HCl, adding about 1 cc in excess. Boil to expel Br, and to the clear boiling soln 
add slowly with stirring an excess of a 10% BaCl2 soln. Let stand on a steam bath for 
at least 1 hour, filter on a weighed Gooch crucible, wash thoroly with boiling HaO, 
dry, ignite at a dull red heat, cool, and weigh as BaS04. This will include soluble 
sulfates, SOs formed from SO2, and the SO5 that is formed from sulfide S.® 


37 SOLUBLE SULFATE^ 

Treat 1 g of the pigment with 10 cc of HgO, 10 cc of HCl, and 5 g of NH4CI. Boil 
until H2S is expelled, adding more HCl (1 + 1) if necessary; dilute with hot H2O to 
about 200 cc, boil for 5 min., filter to separate any insoluble matter, and wash 
thoroly with hot H2O. Nearly neutralize the clear soln with NaOH soln and make 
a double precipitation with Na2C03, as in preceding method, finally weighing as 
BaS04, as described above.^ 

38 SULFIDE SULFUR5 

Place 0.5-1 g of the pigment in a flask with about 10 g of “feathered” or mossy 
Zn, and add 50 cc of H2O; insert a stopper carrying a separatory funnel and an exit 
tube. Run in 50 cc of HCl from the funnel, having previously connected the exit 
tube to 2 absorption iiasks iu series; the first flask contains 100 cc of alkaline 
Pb(NOa)2 soln, l(n), the second flask, 50 cc of the same soln as a safety device. After 
all the acid has run into the evolution flask, heat slowly, finally boiling until the 
first appearance of steam in the first absorption flask. Disconnect, let the PbS settle, 
filter, and wash with cold II 2O, then with hot H.O till neutral to litmus paper and 
washings give no test for Pb. Dissolve the PbS precipitate in hot, dilute HNO3, 
and determine the Pb as PbS04. Calculate to S. For very rapid work, the evolved 
H2S may be absorbed in an ammoniacal CdCL or ZnS04Soln, l(o), contained in 2 
flasks connected in series, the contents of the absorption flasks washed into a vessel 
with cold H2O and diluted to about 1 liter, acidified with HCl, and titrated with 
standard KIO3 soln, l(p), using starch indicator, l(q). 


39 SULFUR DIOXIDE^ 

Transfer 10 g of the pigment to a suitable flask, insert a stopper fitted with a 

> A.S.T.M. Standarda, 1933, Ft. II, p. 55. 

* See Uel. 1 under IS. 

* See Ilef. 3 under 28. 

* See Ilef. 1 under 15. , « . . 

s Evolution Method of W. G. Scott, White Paints and Painting Materials, p. 257; see also Blaip 1 he 
Chemical Analysis of Iron. The percentage of sulfide sulfur can be calculated from the percentages of total 
Zn and Zn soluble in 2-3 % acetic acid, assuming the sulfide to be ZnS. See 32. 

» This method is not applicable in the presence of sulBdes decomposable under the conditions given. 
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separatory funnel and a spray trap delivery tube,^ and attach the latter to a con- 
denser. Place about 160 cc of HCl (1+3) in the funnel, the stopcock being closed* 
and connect the other end of the condenser with a delivery tube which passes thru 
a 2 -holed stopper and extends nearly to the bottom of an absorption flask; thru the 
other hole of the stopper connect a tube or flask to serve as a safety device. Place 
25 cc of 0.05 iVI soln, l(s), in the absorption flask (dilute with HjOif necessary) and 
20 cc of 10 % KI soln in the safety tube; fi^ stopper in the absorption flask. Open the 
stopcock and allow the acid to slowly enter the flask. Before all the acid is admitted, 
air (w'ashed with NaOH soln) is forced thru the top of the separatory funnel (about 
2 bubbles per second in the KI soln). Boil the soln 3 min. with the air passing thru, 
then remove the source of heat and pass air thru for 30 min. Disconnect the ab- 
sorption vessels, wash the KI soln into the I soln, and titrate at once with 0.05 N 
Xa 2 S 203 soln, using starch indicator. Run a blank determination in exactly the 
same manner except for the omission of the pigment. Subtract this figure from the 
previous one and calculate the final result to SO 2 (1 cc of 0.05 N I =0.0016 g of SO 2 ). 

40 MATTER SOLUBLE IN WATER 

Transfer 2.5 g of the pigment to a graduated 250 cc flask, add 100 cc of IKO and 
boil for 5 min. Cool to room temp., dilute to the mark with Il 20 , mix, and allow to 
settle. Filter the supernatant liquid thru a dry filter paper and discard the first 20 
cc of the filtrate. Transfer 100 cc of the clear filtrate to a weighed dish, evaporate 
to dryness on a steam bath, dry for 1 hour in an oven at 105-110°, cool, and weigh. 
Calculate the percentage of water-soluble matter, the nature of which may be de- 
termined by further examination, as the percentages of SO3 and CaO may be in- 
dicative. 

41 CALCULATIONS 

The calculation of the component pigments of a mixed or combination pigment 
may be difficult. Depending upon the complexity of the mixed pigment, certain 
assumptions must be made as to the composition or formulas of component pig- 
ments and as to the manner in which the acidic and basic radicals are combined. 
Add any AI2O3 (+ 8203 ) found in the soluble portion to the siliceous matter and re- 
port the sum as ‘‘Insoluble siliceous matter,” unless the sohible A 1 is higli; in this 
case, an aluminate is probably present, and the \\ 2 Oz should be reported as AI2O3. 
If a small quantity of soluble Mg is found, it should also be added to the siliceous 
matter. If the soluble Mg is high, the presence of MgCOj is indicated, and the MgO 
is calculated to MgCOa as pointed out below. The insoluble siliceous matter re- 
ported should be based on the weight obtained on drying the total insoluble matter 
at 105° if the combined HjO contained therein is to be considered. 

In the absence of Zn 8 or Ti 02 , report Ba804 as BaS 04 , If Zn 8 is present, cal- 
culate the BaSO^ equivalent by multiplying by 2.85; report sum of ZnS + BaS 04 
as *‘lithopone.” If Ti 02 is present, calculate the BaSO^ equivalent by multiplying by 
3.17; report sum of Ti 02 +BaS 04 as “titanium pigment.” Report residual BaS 04 as 
Ba 804 . If Ti 02 is present and BaS 04 is absent or is present in a smaller amount 
than would be indicated by the above factor, then report TiO: as Ti 02 , and Ba804 
as Ba 804 . If CaCOa, CaS 04 , BaCOj, and MgC^Os are absent, calculate CO 2 to basic 
carbonate white lead, (PbC 03 ) 2 . Pb^OH) 2 , and soluble 8O3 to Pb 804 - Any excess of 

^ A Knorr COj apparatiw is convenient. In thia case, the vertical condenner may be connected with an 
abso^tion tower containing the I goln, followed by the KI aoln in a suitable tube. 

’ To minimize, if not eliminate, any possible oxidation by the air, add about I g (in one piece) of NaHCOi 
to the evolution flask, then add the acid directly to the flask, omitting the separatory funnel and the current 
of air. Boil the soln until about 50 cc of distillate has passed over. 
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Pb is calculated to PbO, added to the PbS04, and the sum is reported as basic 
PbS04; or, multiply the sum of PbS04+Pb0 by 0.058 to obtain the ZnO; add this 
result to the PbSOi+PbO and report as basic sulfate white lead, (The ZnO factor 
is based on the assumption that the average composition of commercial basic sulfate 
white lead is: 78 . 5 % PbS04, 16 . 0 % PbO, and 5 . 5 % ZnO.) Lead oxide (PbO) should 
not be reported except in the presence of PbS04, unless the entire analysis is re- 
ported in the elementary or oxide form.j? 

If the sample contains CO2 but no soluble SO3, calculate total Pb to basic carbo- 
nate white lead, (PbC03)2. Pb(OH)2; calculate residual CO2 to CaCOs, then toBaCOj 
and MgCOa if soluble Ba and Mg should be present in sufficient amounts to indicate 
the presence of these carbonates. The COz result will be an index of this. A small 
amount of residual CaO is probably from the siliceous matter and should be added 
to the insoluble siliceous matter. 

A small amount of soluble Ba may be from the CaCOs used or may be due to the 
solubility of BaSOi if this compound is present in the original pigment. This Ba 
may be calculated to BaS04, and added to the BaS04 found in the insoluble matter. 

If the sample contains soluble SO3 but no CO2, calculate CaO to CaS04 or CaSOi. 
2H2O; residual SO3 to PbS04; add residual PbO to PbS04 and report sum as basic 
PbS04; or, multiply PbS04+Pb0 by 0.058 and. add the result to the PbS04+PbO, 
and report the total as basic sulfate white lead. 

If the sample contains CaCOs (MgCOs, BaCOa) and also basic sulfate white lead, 
or CaS04 and basic carbonate white lead, or a mixture of these, it is not possible to 
determine or calculate the amount of PbCOs or PbS04 with any degree of certainty.* 
The presence of appreciable amounts of CaO and SO3 in the water-soluble matter 
indicates the probable presence of CaS04 in the original pigment. The following ar- 
bitrary calculations may be made: calculate water-soluble SO3 to CaS04 or CaS04* 
2HzO, subtract this SO3 from total soluble SO3 and calculate the remainder to 
Pb804; calculate residual CaO to CaCOs, and then residual CO2 to (PbC03)2* 
Pb(OrT)2. If there is an excess of CO 2, calculate to MgCOa or BaCOs, if the amounts 
of soluble Mg and Ba indicate the probable presence of these carbonates. Add 
residual PbO to PbS04 and calculate, as above, to basic sulfate white lead. The 
procedure followed by the Federal Specifications Board should be noted. ^ 

Report total Sb as SbzOs- 

Calculate sulfide S to ZnS, subtract the Zn equivalent to the S from the total Zn, 
then subtract the Zn required for the basic sulfate white lead, and report the re- 
mainder as ZnO. 

Report moisture loss on ignition, SO2, and matter soluble in H2O directly. 


OLEO-RESINOUS VAR NISHES^— OFFICIAL 
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PRELIMINARY PROCEDURE 


Make all tests at room temp, between 21 and 32 ^’ (70 and 90 °F.) and in diffused 
light (not in direct sunlight). After opening a can of varnish and using part of its 
contents, place the remainder immediately in air-tight containers which the varnish 
practically fills, leaving not more than 2% of air space. 


• See Ref, 1 under 21 and Ref. 1 under 15. • j , ^ 

* Federal Specitications Board Speci’icatioa T r-P-36 for Paints: The total lead dissoWed in dilute 

acetic acid ,and hot ammonium acetate, weighed as lead sulfate, and this weight by fa^or 

0.88:1 shall be considered white lead, (It is not possible to determine the amount of and Pbht)4 

when carbonates or ,siilfate.s of other metals, such as Ca, are present. A^o 1^1 ther basic PbCOj nor basic 
PhSO, are definite compounds. The factor to convert PbSOi to convert 

PbSO. to PbSO<.PbO is 0.868, and to convert PbSO. to (PbSO^li.PbO is 0.913. The arbitrary factor 
used under tliis specification is the mean of the largest and smallest of these 3 factors.) 

•Standard Methods (D 154-28) of the American Society for Testing Materials edited to conform in 
part to the A.O..‘\.C. style. A.S.T.M. Standards, 1933, Pt. II, p, 698. 
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43 APPEARANCE 

Pour some of the thoroly mixed sample into a clear glass bottle or test tube, 
1. 5^2.0 cm in diameter, to a depth of at least 2.5 cm. Then examine the varnish by 
transmitted light to see if it is clear and transparent. 

44 COLOR 

Prepare standard color, solns by dissol's^ing 1, 2, 3, 4, 5 and b g, respectively, of 
pure powdered K2Cr207 in 100 cc of H2SO4, applying gentle heat, if necessary, to 
effect solii of the K2Cr207. (Since the K2Cr207-H2S04 solns must be freshly made 
for this color comparison, it is frequently more convenient to compare samples with 
a series of permanently sealed tubes of varnish which have been previously found 
to be lighter in color than the standard solns. Stabilized caramel solns or other per- 
manent colored liquids may be used as secondary standards.) 

Pour each of the standard color solns and a sample of the varnish to be tested 
into thin-walled glass tubes 1. 5-2.0 cm in diameter to a depth of at least 2.5 cm. 
Make the color comparison by placing the tubes close together and looking thru 
them by transmitted light. If permanently sealed tubes of varnish are used for the 
color comparison and the sample of the varnish being tested is found to be darker 
than a standard tube of varnish, make final comparison with freshly prepared 
K2Cr207-H3S04 solns. State the color of the varnish in terms of the standard (calling 
the standards Xo. 1, No. 2, No. 3, etc.) which it is equal to or lighter than. 

45 NON-VOLATILE MATTER 

Pour a portion of the sample of the varnish into a stoppered bottle or weighing 
pi pet and weigh. Transfer about 1.5 g of the sample to a weighed, flat-bottomed 
metal dt^h about 8 cm in diameter (a frictioii-top can plug is satisfactory). Reweigh 
the container and calculate by difference the exact weight of the portion of the 
sample transferred to the weighed dish. Heat the dish with its contents for 3 hours 
in an oven maintained at 105-110' and weigh after cooling. 

Take the ratio of the weight of the residue to that of the sample, expressed in 
percentage, as the percentage of non-volatile matter in the varnish. 

46 ELASTICITY OR TOUGHNESS 

Proportionately reduce the elasticity or tough nes.s of the varnish by the addition 
of a standard soln of kauri gum in pure spirits of turpentine, 47, or proportionately 
increase the elasticity or toughness of the varnisii by means of addition of linseed 
oil, 48. 

47 Adilition of Ka^iri f/am to Reduce Elafiiicily 

Starulard kauri gum soln . — .\rrange on a balance a distillation flask, water-cooled 
condenser, and a tared receiver, Place clear, bright, hard pieces of kauri gum broken 
to the size of a pea in the flask to about one-third its capacity. Carefully melt and 
distil the gum until 25% Vjy weight is collected in the tared receiver, at which time 
of distillation the thermometer in the distillation flask, with the l)ulb at the level 
of the discharging end of the flask, should register about 316". Pour the residue 
into a clean pan and when it is cold break it into small pieces. Place in a carefully 
tared beaker a quantity of the small broken pieces of kauri gum, together with 
twice its weight of freshly redistilled spirits of turpentine, using only that portion 
dhstilling between 153 and 170", and di.ssolve by heating to a temp, of about 149". 
When cooled, bring the mixture to correct weight by the addition of the quantity 
of redistilled spirits of turpentine necessary to replace the loss l>y evaporation 
during the di.ssolving of the gum. 
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Cut test panels from bright tin plate weighing not more than 25 g nor less than 
19 g per sq dm (0.51-0.39 lb per sq ft). (It is important that the tin plate be within 
the limits prescribed. Commercial, No. 31-gage, bright tin plate should weigh 
about 0.44 lb per sq ft.) Use a panel about 7,5 by 13 cm and thoroly clean it with 
benzol immediately before using. (It is important to have the rags used in wiping 
the panels clean.) 

Having carefully determined the non-volatile content of the varnish according 
to 45, take 100 parts of the varnish by weight, add a quantity of the standard kauri 
gum soln equivalent to 50% by weight of the non-volatile matter in the varnish, 
and mix thoroly. (A 20 g sample of varnish should be sufficient for each reduction.) 

If the non-volatile content of the varnish is 48,6%, add 4.86 g of standard kauri 
gum soln to the 20 g of varnish to obtain a 50% reduction. (The 50% standard 
kauri gum reduction is given to illustrate the method. Any other percentage of 
standard kauri gum reduction may be used, depending on the sample being tested.) 

Flow the varnish upon one of the tin panels and stand the panel in a nearly verti- 
cal position at room temp, for nearly 1 hour. Then place the panel in a horizontal 
position in a properly ventilated oven and bake for 5 hours at 95 100°. Remove the 
panel from the oven and permit it to cool at room temperature (preferably 24°) 
for 15 minutes. 

Place the panel with the varnished side uppermost over a 3 mm rod, held firmly 
by suitable supports, at a point equidistant from the top and bottom edges of the 
panel and bend double rapidly. The varnish should show no cracking whatsoever 
at the point of bending. For accurate results always bend the panel at 24°, as a 
lowering of the temp, will lower the percentage of reduction that the varnish will 
stand without cracking, while an increase in temp, will increase the percentage of 
reduction that the varnish will withstand. 

Report varnishes which do not show cracks under this test as passing a 50% 
reduction, and report those that do crack as not passing a 50% reduction. 

Re-test the varnishes which have not cracked, changing the amount of reduction 
to 60%; if they pass this percentage of reduction, test again with a 70% reduction. 
In a similar manner re-test varnishes which have cracked at 50%, using reductions 
of 40 and 30%. In this way determine the limits within 10% at which a varnish 
passes one percentage of reduction and docs not pass the next. For example, var- 
nishe.s may be reported as passing 40%, and breaking at 50%. 

48 Addition of Linseed Oil to Increase Elasticity 

(Applicable to varnishes w’hich are less elastic or less tough than zero kauri reduction.) 

Follow the procedure described in 47, except to replace the 33i% soln of kauri 
gum in turpentine by a 665% soln of heat-bodied linseed oil in order to proportion- 
ately increase the elasticity of the varnish under test. 

Standard bodied oil soZn.— Heat a high grade of alkali-refined linseed oil of an 
acid number less than 1.0 in an open kettle at a temp, of 300° ±5° until the vis- 
cosity of the oil after cooling is between 6 and 10 poises at 25°. Standardize a quan- 
tity of the heat-bodied linseed oil by reducing it with one-half its weight of pure 
redistilled turpentine, using only that portion of turpentine distilling between 153 
and 170°. 

Conduct the addition of the standard bodied oil soln to the varnish, the flowing 
on, baking, and bending of the test panel exactly as in 47. 

In reporting results, give the minimum percentage of the oil soln that must be 
added to the varnish, based on its non-volatile content, so that the final mixture 
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when flowed on a test panel and baked does not crack on the subsequent bending 
over a 3 mm rod. 

49 FLASH POINT ^ 

Use the ‘‘Tag” closed tester and make the test in a dim light so that the flash may 
be seen plainly. Surround the tester on three sides with an inclosure to keep away 
draughts. (A shield about 18 in. square and 2 ft. high, open in front, is satisfactory, 
but any safe precaution against all possible room draughts is acceptable. Tests made 
in a laboratory hood or near ventilators will give unreliable results.) See that 'the 
tester is firm and level. (For accuracy, the flash-point thermometers which are es- 
pecially designed for the instrument should be used, as the position of the bulb of 
the thermometer in the sample cup is important.) 

Put the water-bath thermometer in place, and put a receptacle under the over- 
flow spout to catch the overflow. Fill the bath with HjO at such a temp, that, when 
testing is started, the temp, will be at least 20®F, below the probable flash point 
of the sample to be tested. 

Put the sample cup in place in the water bath. Measure 50 cc of the sample to 
be tested in a pipet or a graduate, and place in the sample cup. Have the temp, of 
the sample at least 20‘’F. below its probable flash point when testing is started. 
Destroy any bubbles on the surface of the sample. Put on the cover with the flash- 
point thermometer in place and with a I in. rubber tube connecting the gas supply 
pipe to the gas connection on the cover. Light the pilot light on the cover and ad- 
just the flame to the size of the small bead on the cover. 

Light and place the heating lamp, filled with alcohol, in the base of the tester 
and see that it is centrally located. Adjust the flame of the alcohol lamp so that the 
temp, of the sample in the cup rises at the rate of about 1.8°F, per inin., not faster 
than 2®F. nor slower than 1.6°F. per min. 

Record the barometric pressure which, in the absence of a laboratory instru- 
ment, may be obtained from the nearest Weather Bureau Station. Also record the 
temp, of the sample at start. 

When the temp, of the sample reaches 9°F. below the probable flash point of 
the sample, turn the knob on the cover so as to introduce the test flame into the cup, 
and turn it promptly back again. Do not let it snap back. The time consumed in 
turning the knob down and back should be about one full second, or the time re- 
quired to pronounce distinctly the words “one-thousand-and-one.” Record the time 
and the temp, of the sample when making the first introduction of the test flame. 

Repeat the application of the test flame at every 1°F. rise in temp, of the sample 
until there is a flash within the cup. Do not be misled by an enlargement of the test 
flame or halo around it when it enters the cup, or by slight flickering of the flame; 
the true flash consumes the gas in the top of the cup and causes a very slight ex- 
plosion. Record the time at which the flash point is reached and also record the 
flash point. 

If the rise in temp, of the sample, from the time of making the first introduction 
of the test flame to the time at which the flash point is reached, was faster than 
2°F. or slower than L6®F per min., question the test and adjust the alcohol heating 
lamp to correct the rate of heating. It will be found that the wick of this lamp can 
be so accurately adjusted as to give a uniform rate of rise in temp, within the above 
limits. 


‘Standard Methfxi (D of the A.S.r.M. edited to conform to the A.U.A.C. style. A.S.T.M. 
Standard?, 1933, Pt. II, p. 663. 
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Having completed the preliminary test, remove the heating lamp, lift up the 
cover, and wipe off the thermometer bulb. Lift out the cup, and empty and care- 
fully, wipe it. Throw away all samples that have been used once in making a test. 

Pour cold H 2 O into the water bath, allowing it to overflow into a receptacle, until 
the temp, of the H 2 O in the bath is lowered to 15®F. below the flash point of the 
sample, as shown by the previous test. 

Place the cup in the bath and measure into it a 50 cc charge of fresh sample. 
Proceed to repeat the test as described above, introducing the test flame for the 
first time at a temp, of 10°F. below the flash point obtained on the previous test. 

If two or more determinations agree within 1°F. consider the average of these 
results, corrected for ])arometric pressure, the flash point. If two determinations do 
not check within make a third determination and, if the maximum variation 
of the three tests is not greater than 2°F., consider their average, after correcting 
for barometric pressure, the flash point. 

Make correction for barometric pressure only in cases of dispute or when the 
barometer reading varies more than ^ in. (13 mm) from the standard^pressure of 
29.92 in. (760 mm). When the barometer reading is below this standard pressure,, 
add to the thermometer reading 1.6'’F. for each inch (25 mm) of barometric differ- 
ence to obtain the true flash point. When the barometer reading is above the stand- 
ard pressure, deduct for each inch (25 mm) of barometric difference to obtain 

the true flash point. 

50 VISCOSITY 

Determine viscosity by comparison at 25° with secondary standards (in bubble 
tubes) whose viscosity expressed in poises has been accurately determined at that 
temp.^ 


51 WATER TEST 

Pour the varnish on one of the tin panels described in 47, allow to drain in a 
nearly vertical position, and dry for 48 hours. Then place the panel in a beaker con- 
taining distilled 11:0 at room temp, to a depth of about 7 cm, immersing the end of 
the panel which was uppermost during the drying, and allow to remain in the H 2 O 
for 18 hours. He move the panel from the HgO, wipe carefully, and allow to dry 
out at room temp. Note the time required for whitening, if any, to disappear. Report 
the results as follows: 

(a) Not visibly affected. 

(b) Whitening disappears wnthin 20 min. 

(c) Whitening does not disappear in 20 min., but does disappear within 2 hours. 

(d) Whitening does not disappear within 2 hours, but does disappear within 24 
hours. 

(e) Whitening does not disappear within 24 hours. 

Blooming, which sometimes occurs on immersion, is considered a degree of 
whitening. 

RAW LINSEED OIL^— OFFICIAL, FIRST ACTION 
52 PREPARATION OF SAMPLE 

Thoroly agitate the sample before removing portions for analysis. 


‘ Circ. 178, Scientific Section, Paint Manufacturers’ Association of the United States 
* A.S.T.M. Standard Specilications for Raw Linseed Oil (D 234-2S), A.S.T.M. Standards, IJ33, Ft II. 
pp. 644-^49, 


107 



IX 


METHODS OF ANALYSIS 


53 SPECIFIC GRAVITY (APPARENT) 

(IS-S^/IS-S*^) 

Use a pycnometer, accurately standardized and having a capacity of at least 25 
cc, or any other equally accurate method, making the test at 15.5'^, HzO being 
1.000 at 15.5^ 


IODINE ABSORPTION NUMBER 

54 Wijs Method 

Proceed as directed in 10, using from 0.09 to 0.15 g of oil. 

SAPONIFICATION NUMBER 

55 REAGENT 

Sulfuric acid soln. — 0.5 .V. Add about 15 cc of H2SO4 to distilled H2O, cool, and 
dilute to 1000 cc. Determine the exact strength by titrating against freshly stand- 
ardized NacOH or by any other accurate method. Either adjust to exactly 0.5 N 
strength or leave as originally made, applying appropriate correction. 

56 DETERMINATION' 

Weigh about 2 g of the oil in a 300 cc Erlenmeyer flask. Add 25 cc of alcoholic 
XaOH or KOH soln, 1(c). Put a condenser loop inside the neck of the flask and heat 
on the steam bath for 1 hour. Cool, add phenolphthalein as indicator, and titrate 
with 0.5 A' H2SO4. Run two blanks with alcoholic NaOH soln, 1(c). These should 
check within 0.1 ccO.5 X HiS04. From the difference between the number of cc of 
0.5 A*Il2S04 required for the blank and for the determination, calculate the saponifi- 
cation number (mg KOH required for 1 g of the oil). 

57 UNSAPONIFIABLE MATTER 

Weigh 8-10 g of the oil and transfer to a 250 cc long-necked flask. Add 5 cc of a 
strong soln of NaOlI (l+l) and 50 cc of 95% ethyl alcohol. Put a condenser loop 
inside the neck of the flask and boil for 2 hours. Occasionally agitate the flask to 
break up the liquid, but do not project the liquid onto the sides of the flask. At the 
end of 2 hour.s, remove the condenser and allow the liquid to boil down to about 
25 cc. 

Transfer the mixture to a 500 cc gla.ss-stoppered sei)arator, rinsing with H5O. 
Dilute with H2O to 250 cc, add 100 cc of redistilled ether, atopjjer, and shake for 

1 min. Let stand until the two layers separate sharp and clear. Draw all but 1 or 

2 drops of the aqueoas layer into a second 500 cc separator anfj repeat the process, 
using 60 cc of ether. After thorough separation, draw off the aqueous layer into a 400 
cc beaker, then the ether soln into the first separator, rin.sing down with a little 
H2O. Return the aqueous soln to the second separator and shake out again with 60 
cc of ether in a similar manner, finally drawing the aqueou-s soln into the beaker and 
rinsing the ether into the first separator. Shake the combined ether soln with the 
combined HjO rinsings and let the layers separate sharp and clear. Draw' off the 
H2O and add it to the main aqueous soln. Shake the ether soln with tw'o i>ortions 
of H2O (about 25 cc each). Add these to the main H2O .soln. 

Swirl the .separator so as to bring the last drops of IljOdow n to the stopcock and 
draw’ off until the ether soln just fills the bore of the stopcock, VV'ipc out the stem 
of the separator with a bit of cotton on a wire. Draw the ether soln (portionwise if 
necessary) into a 250 cc flask and distil off. While still hot drain the flask into a small 
weighed beaker, rinsing with a little ether. Evaporate this ether, cool the beaker, 
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and weigh. The nnsaponifiable oil from adulterated drying oils may be volatile 
and as a consequence may evaporate on long heating. Therefore, heat the beaker 
on a warm plate, occasionally blowing out with a current of dry air. Discontinue 
heating as soon as the odor of ether is gone. 

ACID NUMBER 

58 REAGENT 

Standard sodium hydroxide soln. — Prepare a stock concentrated soln by dissolving 
NaOH in H 2 O in the proportion of 200 g of NaOH to 200 cc of H 2 O. Allow this soln 
to cool and settle in a stoppered bottle for several days, Decant the clear liquid 
from the precipitate of NajCOg into another clean bottle. Add clear Ba(OH )2 soln 
until no further precipitate forms. Again allow to settle until clear. Draw off about 
175 cc and dilute to 10 liters with freshly boiled, distilled H 2 O. Preserve in a stock 
bottle provided with a large guard tube filled with soda lime. Determine the exact 
strength by titrating against pure benzoic acid, using phenolphthalein as indicator. 
This soln will be approximately 0.25 N, but do not attempt to adjust it to any exact 
value. Determine its exact strength and make proper corrections in using it. 

59 DETERMINATION 

Weigh 5-10 g of the oil and transfer to a 300 cc Erlenmeyer flask. Add 60 cc of a 
mixture of equal parts by volume of 95% ethyl alcohol and reagent benzol, pre- 
viously titrated to a very faint pink with dilute alkali soln, using phenolphthalein 
as an indicator. Add phenolphthalein indicator and titrate at once to a faint per- 
manent pink color with the NaOH soln. Calculate the acid number (mg KOII per 
g of oil). 

FOOTS (PER CENT) 

60 REAGENTS 

(a) Acid calcium chloride soln. — Saturate with CaCU a mixture of 90 parts of 
H 2 O and 10 parts of HCl. 

(b) Acetone. — 0. P. or A. S. T. M. D. 329. 

61 DETERMINATION 

With all materials at a temp, of 20-27°, mix by shaking for exactly 1 min. in a 
graduated tube, 25 cc of the well-shaken sample of oil, 25 cc of acetone, and 10 cc 
of the acid CaCl 2 soln. Clamp the tube in a vertical position and allow the mixture 
to settle for 24 hours, keeping the temp, between 20 and 27°, Then determine the 
volume of the stratum lying between the clear CaCh soln and the clear acetone 
and oil mixture to the nearest 0.1 cc or fraction thereof. This volumeX4=the 
amount of foots present as a percentage by volume. 

(The graduated tube may be a buret or a color comparison tube. It should have 
an internal diameter of 1.0-1. 5 cm, and a capacity of not less than 70 cc. The grad- 
uations in 0.1 cc should extend at least 10-50 cc above the bottom of the tube.) 

(a) Heated oil lest — Heat a portion of the oil to 65°, hold it within 2° of that 
temp, for 10 min., then cool it to room temp. (20-27°). Subject the sample promptly 
to the foots test as described above. 

(b) Chilled oil test.— Heat a portion of the sample to 65°, and hold it within 2° 
of that temp, for 10 min. Then place it in a clean dry bottle, stopper tightly, and 
place in a cracked ice and H 2 O mixture (0°) for exactly 2 hours. At the end of this 
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time, place the bottle for exactly 30 min. in a H 3 O bath at 25% : then subject 
promptly to the foots test as described above. 

62 LOSS ON HEATING AT 105-110® 

'Weigh 10 g of the oil in an accurately weighed 50 cc Erlenmeyer flask. Heat in 
an oven at a temp, of 105-110° for 30 min., while passing CO 2 gas thru the oven. 
Then cool in a current of CO 2 gas and weigh. Calculate the percentage loss. 

63 COLOR 

Prepare a fresh soln of 1 g of pure K2Cr207 in 100 cc of H 2 S 04 . Place the oil and 
colored concentrated soln in separate thin-walled, clear-glass tubes of the same 
diameter (T-2 cm) to a depth of not less than 2.5 cm, and compare the depths of 
color by looking transversely thru the columns of liquid by transmitted light. State 
whether or not oil is darker than the colored soln. 

BOILED LINSEED OIL'— OFFICIAL FIRST ACTION 

64 PREPARATION OF SAMPLE 

Proceed as directed under 52. 

65 SPECIFIC GRAVITY (APPARENT) 

(15.5°/15.5®) 

Proceed as directed under 53. 

IODINE ABSORPTION NUMBER 

66 Wijs Method 
Proceed as directed under 54, using 0.09 0.15 g of oil. 

67 SAPONIFICATION NUMBER 
Proceed as directed under 55. 

68 UNSAPONIFIABLE MATTER (PER CENT) 

Proceed as directed under 57. 

69 ACID NUMBER 
Proceed as directed under 58. 

70 LOSS ON HEATING AT 105-110® 

Proceed as directe<l under 62, 

71 TIME OF DRYING ON GLASS 

Flow the sample over a perfectly clean glass plate and place the plate in a vertical 
position in air that is at 30° i 2° and of a humiriity of 32% ±4% saturation. After 
about 2 hours, test the film at intervals with the finger at points not less than 2.5 
cm from the edges. The film shall be considered dry when it no longer adheres to 
the finger and does not rub up appreciably when the finger is lightly rubbed across 
the .surface. 


1 .\.S.T.M. .Standard Specifications for Boiled Linseed Oil (D 260-33), A .S.T.M. Standards, 1033, Pt, 

II, pp. 638-^3. 
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72 ASH 

Weigh carefully in a weighed porcelain crucible or dish 10-25 cc of the sample 
and place on a stone slab on the floor of a hood. Ignite by playing the flame of a 
burner on the surface of the oil and allow to burn quietly until most of the oil is 
burned off; transfer to a muffle or over a flame and continue heating at a low temp, 
(not over a dull red) until all carbonaceous matter is consumed. Cool, weigh, and 
compute the percentage of ash. 

73 LEAD 

Dissolve the ash obtained as directed under 72 in HNOg (1 + 10), to which a 
little H 2 O 2 has been added, and determine lead by the sulfate or any other equally 
accurate method. 

74 APPEARANCE 

Transfer a portion of the sample to a clear glass tube and note appearance. Re- 
port on clarity or presence of sediment. 
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X. LEATHERS— TENTATIVE 

VEGETABLE TANNED LEATHER 

1 PREPARATION OF SAMPLE^ 

Reduce the leather by cutting, planing, sawing, shredding, grinding, or rasping 
to as fine a state of subdivision as is practicable. Avoid heating the sample during 
its preparation and especially do not use unsuitable grinding mills that cause heat- 
ing. Mix thoroly and place in tightly covered containers. 

MOISTURE2 

2 Method 1 

Place 5 -10 g of the prepared sample, 1, in a tared, wide, shallow weighing bottle 
(or a similar dish, which can be covered tightly), and dry in an electric oven for 15 
hours at 100-102®. Cover the weighing bottle, cool in a desiccator containing HjSOh, 
and weigh. The moisture in the leather as received may be determined by quickly 
cutting a representative portion of the sample into small pieces and drying as di- 
rected without further preparation. 

Method II — By Toluene Distillation 

3 APPARATUS 

(a) 500 cc flask. — Erlenmeyer, or distilling flask of Pyrex or other resistant glass. 

(b) Receiving tube. — Graduated in tenths of a cc. 

(c) Liebig condenser. — Sealed-in, straight-tube, about 25 cm (10 in.) long, with 
delivery tube approximately 9.5 mm (0.375 in.) in diameter. 

Assemble the apparatus as shown in XXVII, 3. Before each distillation clean the 
condenser and receiving tube with CTOa-HoSO^ mixture; rinse thoroly with IGO, 
then with alcohol; and dry in an oven or with a current of air. Calibrate the receiving 
tube by distilling toluene containing known quantities of H 2 O. Read the volume of 
HjO to 0.01 cc. 

4 D E T E K M l \ A '1’ l O N' 

Weigh 20 g of the prejjared sample, 1 , and transfer to the distilling Mask. Immedi- 
ately add about 200 cc of dry toluene having a boiling point, under normal pressure, 
of 110-112®, and connect the Mask with the receiving tube and condenser. Fill the- 
receiving tube with toluene, pouring it thru the condenser. Heat the distilling Mask 
gently and distil at the rate of about 4 drops per second for exactly 2 hours. At the 
end of 1, 1.25, 1.5, 1.75, and 2 hours’ distillation, wash down the condenser by pour- 
ing toluene in at the top while brushing thoroly with a tight-haired, close-fitting tube 
brush that has been boiled previously in toluene. (A long handle may be made l)y 
fastening to the brush a piece of heavy Cu wire.) At the end of 2 hours, disconnect 
the receiving tube, dislodge any drops of II 2 O on the inside by rubbing with a piece 
of light Cu wire twisted at one end into a loop, and allow the tube to come to room 
temp. Read the volume of H 2 O to 0.01 cc and make such calibration correction a.s 
may be necessary. Assuming that 1 cc of 1120 weigh.s 1 g, calculate the percentage 
of moisture. 

5 TOTAL ASH^ 

Incinerate slowly 5 g of the pre])ared sample, I, at a dull red heat. If diMiculty is 
experienced in burning off the (', leach the residue with hot H 2 O, filter on an ash- 
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less filter, dry and ignite the filter and residue, add the filtrate, evaporate to dryness, 
and ignite. Cool in a desiccator containing H 2 SO 4 and weigh. 

The ash may be examined for acids and bases by any suitable method. Fe, Al, Mg,* 
Na, Ba, Ca, and Pb-are the bases, and HCl and H 2 SO 4 are the acids which it may 
be necessary to determine. 

6 INSOLtJBLE ASH* 

Quantitatively remove the leather remaining after the extraction of water-soluble 
material as directed under 9, dry at a temp, not exceeding 60°, weigh, and slowly 
incinerate a portion equal to exactly ^ of the total weight until all C is burned off. 
Cool in a desiccator containing H 2 SO 4 and weigh. Calculate the insoluble ash on the 
basis of the original leather represented. 

7 PETROLEUM ETHER EXTRACT^ 

Place 5 g of the prepared leather, 1, in a fat-free paper thimble, cover with a layer 
of fat-free cotton, and extract in a Johnson or Soxhlet extractor for 8-10 hours with 
petroleum ether distilling between 60 and 80°. Heavily greased leathers (containing 
15% or more fat) will require the maximum time. Remove the receiving flask, evapo- 
rate the petroleum ether on a steam bath, and dry the residue at 98-100° for periods 
of I hour each until a practically constant weight is obtained. Avoid prolonged con- 
tinuous heating, resulting possibly in the partial volatilization or oxidation of the 
extract. 

MINERAL ACIDITY® 

8 Modified P racier -Searle Method'^ 

Weigh 2 g of the prepared leather, 1, into a Pt dish; add 40 cc of a 0.1 N NajCOg 
soln; mix thoroly, and evaporate to complete dryness on a steam bath. Place the 
resitlue in an electric muffle furnace at room temp., slowly raise the temp, of the 
muffle to 600+10° in 2 hours and maintain at this temp, for an additional hour. 
Remove the dish, allow to cool, and carefully moisten the residue with hot H 2 O, 
adding about 25 cc, and break up lumps with a glass rod. Filter into a 300 cc flask 
thru an ashless paper and wash 4 or 5 times with hot H 2 O. Return the filter paper 
and residue to its dish, dry, and incinerate in the muffle furnace at a dull red heat 
until all (' is burned off. Cool, and add to the residue from a buret a quantity of 
0.1 .V H 28 O 4 exactly equivalent to the Na 2 C 03 originally added. Cover the dish and 
place on a steam bath for 30 rain. Filter, if necessary, into the flask containing the 
first filtrate, washing the paper thoroly with hot H 2 O until free from acid. Cool the 
soln and add 2 or 3 drops of methyl orange indicator (0.1 g per 100 cc H 2 O). If the 
soln is alkaline, no further titration is necessary, and the acidity is stated as ‘‘none." 
If the soln is acid, titrate to a distinct yellow color with the O.l N Na 2 C 03 soln. 
Express the result as percentage of H2SO4. With each set of determinations run 
a blank thru the entire procedure, using the standard solns. If the blank is over 0.3 
cc, repeat the determinations. 

9 EXTRACTION OF WATER-SOLUBLE MATERIAL® 

Weigh 30 gof the prepared leather, 1 . (If the fat content of the sample, as deter- 
mined by the petroleum ether extract, is more than 6 %, extract the 30 g charge with 
petroleum ether, distilling between 50 and 80°, and allow the petroleum ether to 
evaporate spontaneously from the charge before proceeding with the extraction of 
water-soluble material.) Thoroly mix with the charge sufficient H 2 O to soak and 
cover the leather. Transfer the leather and extract to a percolator that may be kept 
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at 50®. (The Reed-Churchill extractor® is especially convenient.) Extract at 50* by 
percolating with lIjO at 50®, collecting 2 liters of percolate in 3 hours. Cool to room 
temp., dilute to exactly 2 liters, and mix thoroly. 

To prevent fermentation add a few drops of toluene to the prepared extract and 
reserve it for the determination of glucose, soluble solids, and soluble non-tannins. 

GLUCOSE'" 

10 REAGENTS 

(a) Di-potassium phosphate. — Use only IV2HPO4 that is practically free from pri- 
mary and tertiary salts, has been dried in thin layers at 98-100® for 16 hours, and 
kept in tightly stoppered bottles. A soln of the salt should have a pH value of about 
9.0 and give a barely perceptible pink with phenolphthalein indicator. 

(b) Xeutral lead acetate so/n.— Prepare as directed under XXXIV, 18(d). 

(c) SoxhleVs ynodificaiion of Fehlmg’s soln. — Prepare as directed under XXXIV, 
31 . 

(d) Phenolphthalein soln. — Dissolve 0.5 g of phenolphthalein in 100 cc of 95% 
alcohol. 

(e) Tartaric acid. — Grind pure tartaric acid to a fine powder. 

11 PREPARATION OF SOLUTION’ 

To 200 cc of the prepared leather extract, 9, add by means of a pipet 25 cc of tlie 
neutral Pb acetate soln. Shake frequently for 5~10 min., then filter at once thru a 
dry, folded filter, returning the filtrate until it is clear. Keej) the containens and 
funnel covered during these operations. Add to the filtrate 5.5 g of the dried K2HPO4 
("the quantity of K2HP04 must be not less than 4.5 nor more than 6.5 g). Shake 
frequently for 3-5 min., until all the phosphate has dissolved; then filter thru a 
dry, folded filter, returning the first runnings until the filtrate clears, and letting 
the funnel drain well. Pipet 150 cc of the filtrate into a 500 cc Erlenmeyer 
flask, and add by means of a pipet 7.5 cc of HCI. Also add about 25 mg of powdered 
stearic acid or 5 -10 drops of kerosene to control frothing, and boil under a reflux 
condenser for e.xactly 2 hours, (If foaming occurs, turn off the flame, and when 
foaming subside.s relight immediately, \o further trouble should he experienced. 
After hydrolysis the acid soln may stand at laboratory temp, overnight without 
risk of loss of sugar.) Cool to 10-15®, add 2 drops of the phenolphthalein indicator, 
carefully neutralize with NaOH fl + l) added from a buret, and then add 0.5 cc 
in excess. Without delap transfer the soln to a 200 cc volumetric flask, complete to 
volume with kUO, and filter thru a double filter, returning the filtrate until it is clear. 
During filtration keep the filtrate acid bp the addition from time to ti?ne of small 
quantities of pulverized pure tartaric acid. I m mediately determine the dextrose in the 
soln. 

12 DETEKMIXATIOV 

Pipet 50 cc of the prepared soln into a mixture of 25 cc of the (hi soln anti 
25 cc of the alkaline tartrate soln and proceed as directed under XXXIV, 37. Plx- 
press the results as percentage of glucose on the leather basi.s, the 50 cc aliquot being 
equivalent to 0.5 g of leather. 

13 SOLUBLE SOLIDS 

If the HjO extract, prepared as directed under 9, is clear, proceed as directed 
under XI, 2; if it is cloudy, proceed as directed under XI, 5. 
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14 SOLUBLE NONTANNINS 
Proceed as directed under XI, 8. 

15 SOLUBLE TANNIN 

The percentage of soluble tannin is the difference between 13 and 14. 

16 NITROGEN 
Proceed as directed under II, 20. 

17 HIDE SUBSTANCE 

Multiply the percentage of N, obtained as directed under 16, by the factor 5.62, 
to convert to the percentage of hide substance. 

18 COMBINED TANNIN 

Deduct the sum of the percentages of moisture, 2 or 3 ; insoluble ash, 6; petroleum 
ether extract, 7 ; soluble solids, 13; and hide substance, 17, from 100. The remainder 
is the percentage of combined tannin. 
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EXTRACTS 

1 PREPARATION OF SOLUTION 

(a) Solid and powdered extracts, — Grind the sample, if necessary, as rapidly as 
possible in a porcelain mortar until all will pass a 10-mesh sieve of Cu or brass; mix 
thoroly and bottle. Weigh rapidly a quantity of sample containing 4 g of tannin 
(not less than 3.75 g nor more than 4.25 g).^ Transfer to a beaker containing 100 
cc of HjO at 85°, place on a steam bath, cover, and heat. Stir frequently until a homo- 
geneous soln or suspension is obtained. Wash into a 1 liter flask with 800 cc of HjO 
at 85°. Allow to cool overnight at a temp, not below 19°, bring to 20° by placing 
the flask in HjO, the temp, of which is not below 19°, and dilute to 1 liter. 

(b) Liquid extracts, — Let the sample come to room temp., mix thoroly, and weigh 
rapidly a charge yielding the same quantity of tannin as is specified under (a). Dis- 
solve by washing into a liter flask with 900 cc of H2O at 85°. Allow to cool and dilute 
to 1 liter at 20°, as described under (a). 

After the preparation of the soln proceed at once with the analysis. 

2 TOTAL SOLIDS 

Thoroly mix the prepared soln, 1 , and pipet at once 100 cc into a weighed flat- 
bottomed glass dish, 2|-3 in. in diameter. (I) Evaporate and dry for 16 hours 
in a combined evaporator and dryer^ at 98-100°, or (2) evaporate on a steam bath 
and then dry for 12 hours on the bottom of a water oven at 98-100°. Remove imme- 
diately to a desiccator containing H2SO4 (place no more than 2 dishes in one desic- 
cator) and weigh rapidly when cooled. Calculate the percentage of total solids. 

SOLUBLE SOLIDS 

3 REAGEN’T 

Kaolin. — Should be neutral to phenolphthalein and should not yield more than 
1 mg of soluble solids per 100 cc of filtrate of a 1 % suspension in H2O after an hour’s 
digestion at 20°. 

4 FREPARATIOX OF FILTER 

To about 75 cc of the prepared soln, 1 , add I g of the kaolin. Stir, and pour 
immediately into a single, 15 cm No. 590, S. & S. or No. IF Swedish filter.^ (These 
papers must be pleated by hand as they are not available in folded form.) Return 
the filtrate to the paper when approximately 25 cc has run tliru and rejieat the 
operation for an hour, thus transferring all the kaolin to the paj)er. At the end of 
an hour discard the soln on the filter by siphoning it off, disturbing the kaolin as 
little as possible. An ordinary wa.sh bottle serves well for this purpose. 

5 DETERMINATION' 

Bring about 150 cc of the original prepared soln, 1, to exactly 20°. Fill the filter, 
prepared as directed under 4 , with this soln and discard the filtrate until it runs 
thru clear. Keep the filter full, the temp, of the filtering .soln at 20-25°, and the 
funnel and receiving vessel covered. Pipet at once 100 cc of the clear filtrate into a 
weighed dish, evaporate, and dry as directed under 2. (’alculate the percentage of 
soluble .solids. 

6 INSOLUBLE SOLIDS 

The percentage of insoluble solid.s i.s the difference between Total Solids (2) and 
Soluble Solids f5). 


no 
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NONTANNINS 

7 REAGENT 

Hide powder } — This should be of wooly texture, well delimed, and 10 g of the 
water-free powder should require 12-13 cc of 0.1 N NaOH to neutralize it. 

Calculate the quantity of air-dried hide powder that will be required for the num- 
ber of determinations to be made, on the basis of 12.5 g of H20-free powder for 
each determination. Increase this calculated amount by 10 g of air-dried hide 
powder to provide a suflicient quantity for the determination of moisture in the 
wet chromed hide powder and also for a working leeway. 

Digest the total quantity of air-dried hide pow^der with 10 times its weight of HzO 
until thoroly soaked. Then, for each g of the air-dried hide powder, so digested, add 
1 cc of a 3% chrome alum soln, K2S04Cr2(S04)3.24H20, and either agitate fre- 
quently for several hours and let stand overnight, or agitate in some form of me- 
chanical shaker for an hour®. Transfer to a strong linen filter and squeeze thoroly; 
using the linen filter as a bag, leave the hide powder in it and digest for 15 min. 
with a quantity of H2O equal to 15 times the weight of the air-dried hide powder 
used. Filter, and squeeze to approximately 73% of H2O, using a press if necessary. 
(Strong pressure is required to reduce the H2O content below 70%. ) Repeat the 
digestion and filtration 3 times. The wet chromed hide powder, as finally prepared, 
should contain as nearly as possible 73% of HgO. The moisture content must be not 
less than 72% nor more than 74%.« Determine moisture in 20 g of the squeezed 
hide powder as directed under 2. 

8 DETERMINATION 

Place 46 g of the prepared wet hide powder, 7, in a shaker bottle of suitable 
capacity; add 200 cc of the prepared tanning soln, 1, and shake immediately for 
10 min. in a mechanical shaker. Squeeze at once thru linen; add 2 g of kaolin, 3, 
to the filtrate that contains the nontannins; stir; and filter thru a single, folded 
18.5 cm filter paper (No. IF Swedish preferred), refiltering until the filtrate is clear. 
Test the filtrate with gelatin-salt soln (I % gelatin and 10% salt), and if a precipi- 
tate forms, report the fact. Pipet 100 cc of the filtrate into a weighed dish and evapo- 
rate as directed under 2. Oorrect the weight of the nontannin residue for the dilution 
caused bv the H^O retained in the wet hide powder. Calculate the percentage of 
nontannins. 

9 TANNIN 

The percentage of tannin is the difference between Soluble Solids (5) and Non- 
tannins (8). 


SUGARS' 

10 preparation of solutions 

To 400 cc of prepared soln, 1, add 50 cc of Pb acetate soln, XXXIV, 18(d), shake 
well, and let stand for 5-10 min. Filter thru a folded filter (18.5 cm), returning the 
filtrirte until it is clear. Let the filter drain for about 30 min. after all the soln has 
been poured. Remove the excess Pb from the filtrate with dried KjHPO., X, 10(a), 
using the phosphate in the proportion of 5 g to 200 cc of the filtrate. (Measure the 
filtrate in a graduated cylinder. Usually 3G0-380 cc will be obtained, requiring 
9-9.5 g of K2HPO4. Weigh the phosphate to within 0.1 g.) After adding the phos- 
phate, shake well for 4 or 5 min. and filter thru a folded filter (18.5 cm). 
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11 DETEBMINATION 

(a) Reducing sugars. — Place in a flask 100 cc of clarified deleaded soln, 10, add 
33.3 cc of 1120, and if the reduction is not made at once, 8-10 drops of toluene; 
shake well and stopper with a plug of cotton. Keep in a cool place and make the 
reduction within 24 hours. When ready for reduction, filter if toluene has been 
added. Determine reducing sugars in duplicate 50 cc aliquots, as directed under 
XXXIV, 37. After correcting the weight of the CU 2 O for the blank of the Fehling’s 
soln, find the equivalent mg of dextrose from XLII, 9. To express as percentage of 
dextrose, multiply the mg of dextrose by 3 and divide the result by g of sample 
per liter of prepared soln, 1, 

(b) Total sugars. — Place in a 500 cc Erlenmeyer flask 150 cc of the clarified, de- 
leaded soln, 10, add 7.5 cc of HCl, and boil under a reflux condenser for exactly 1 
hour. (If foaming occurs, add 5-10 drops of kerosene.) After boiling for an hour, 
remove the flask, stopper loosely when moderately cool, and let stand until ready 
for reduction, usually overnight. Cool the soln in ice H 2 O for 20-30 min., add 2 
drops of phenolphthalein soln, carefully neutralize with NaOH (1 -f-1). and add IICl 
dropwise until the color of the indicator is just discharged. After bringing the soln 
to room temp., transfer it to a 200 cc flask, make to mark, mix, and filter until clear. 
Reduce Fehling’s soln with duplicate 50 cc aliquots and calculate results as directed 
under 11(a). 

(c) X on-reducing sugars. — The percentage of non-reducing sugars is the differ- 
ence between Reducing Sugars, Ufa) and Total Sugars, 11(b). 

DETECTION OF SULFITE-CELLULOSE* 

12 REAGENT 

Sulfite-cellulose Dissolve 0.5 g of the total solids derived from sulfite-cellu- 

lose in 1 liter of H 2 O and add sufficient tanning material, free from sulfite-cellulose, 
to give a concentration of 3.75-4.25 g of tannin per liter. 

13 DETERMINATION 

Place 5 cc of the prepared tanning soln, 1, in a test tube. Add 0.5 cc of aniline 
and shake well; then add 2 cc of FI Cl and mix again. Compare the precipitate 
formed with that produced when the sulfite-celhdose soln is similarly treated. In 
the predetermined absence of the synthetic tanning materials known as syntans, 
sulfite-cellulose is held to be present if the volume of the precipitate approximately 
equal.s or exreeds that of the comparison soln. 

LIQUORS 

14 PREPARATION OF SOLUTION 

Dilute the liquor with FT 2 O at room temp, to contain approximately 0.7 g of 
solids in 100 cc of soln. If the liquor does not give a proper soln with II 2 O at room 
temp., dilute with HiO at 80® and then cool to 20®, as directed umlcr 1(a). 

15 TOTAL SOLIDS 
Proceed as directed under 2. 

16 SOLUBLE SOLIDS 
Proceed as directed under 5. 
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17 NONTANNINS 

Proceed as directed under 8, using the quantity of wet chromed hide powder that 
will give the ratio between the tannin and hide powder shown in the following 
table 


tannin range her 

100 cc 

DRY HIDE POWDER 

PER 200 CC 

gram 

gram 

0 . 35-0.45 

9.0-11.0 

0.25-0.35 

6.5- 9.0 

0.15-0.25 

4.0- 6.5 

0.00-0.15 

0.0- 4.0 


TOTAL ACIDITY 

18 REAGENTS 

(a) Hemaiin indicaior. — Digest 0.5 g of hematin in 100 cc of cold neutral 95% 
alcohol. 

(b) Gelatin sain. — Soak 10 g of gelatin in H 2 O at room temp, for 12 hours and 
then warm slightly, not exceeding 50°, to complete soln; add 25 cc of 95% alcohol, 
and dilute. If the gelatin soln is acid or alkaline, neutralize with 0.1 N NaOH or 
0.1 X acetic acid, respectively, using hematin indicator, and dilute to 1 liter, 

(c) Kaolin. — Digest with HCl (1+9), wash until it complies with the tests given 
under 3 , dry, and preserve in a tightly stoppered bottle. 

19 DETERMINATION^^ 

Add 50 cc of the gelatin soln to 25 cc of the tanning liquor in a stoppered cylinder, 
dilute with H 2 O to 250 cc, add 15 g of the kaolin, and shake vigorously. Allow to 
settle for at least 15 min., remove 30 cc of the supernatant liquid, dilute with 50 cc 
of H 2 O, and titrate with 0.1 A' NaOH, using the hematin indicator. 1 cc of 0.1 iV 
NaOH =0.2% of acid, calculated as acetic, in the liquor. 

RAW AND SPENT MATERIALS 

(Under raw materials are included woods, barks, leaves, etc.) 

20 MOISTURE IN SAMPLE AS RECEIVED 

Cut or break up large pieces and mix the sample rapidly to avoid change in 
moisture content. Dry as directed under 2, a suitable weighed quantity, dependent 
upon the physical condition and moisture content of the sample. 

21 PREPARATION OF SAMPLE 

Dry the remainder of the sample at a temp, not above 60°, and grind to pass thru 
a 20 'mesh sieve. 

22 MOISTURE IN PREPARED SAMPLE 

Dry 10 g of the prepared sample, 21 , as directed under 2, and calculate all results 
to an * 'as-received,^^ ^^air-dried,” or ^+ioisture-free basis, as desired. 

23 EXTRACTION 

(a) Woods, barks, and spent materials.— Weigh a quantity of the sample that 
will give an extract containing as nearly as possible 4 g of tannin per liter. Transfer 
to a beaker and wet thoroly with hot H 2 O. Place a perforated porcelain plate in a 
tin-lined Cu extractor of the general form shown in Fig. 13; on the plate place a 
layer of cotton and wet thoroly with H 2 O. Connect the extractor with a 1000 cc 
Erlenmeycr flask (G) containing 800 cc of H 3 O, close stopcock (E), connect (D) by 
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A 

B 

C 

B 

B 

G 


a delivery tube to a 1000 cc graduated 
flask and close (D). Pour into the extrac- 
tor the material to be extracted, washing 
it into {he extractor with a minimum 
amount of hot II 2 O. Open (D) and return 
the percolate thru the extractor 2 or 3 
times until it is practically clear. Place a 
layer of cotton on top of the material. 
Connect the metal cap (B) and condenser 
(A) so that the condensate will drop onto 
the layer of cotton. Boil the water in (G) 
and collect 500 cc of percolate in the 
graduated flask in 2 hours. Then close 
(D), open (E), and continue the boiling 
for 14 hours, applying heat so that ap- 
proximately 330 cc of HiiO will be con- 
densed per hour. Transfer the extract in 
(G) to the graduated 1 liter flask, heat to 
80^ cool as directed under 1(a) and dilute 
to the mark. 

(b) Materials other than n'oods, bar A’5, 
and spent 7naterials . — Weigh a quantity of 
sample sufficient to give 2 liters of extract 
containing 4 g of tannin per liter. Place 
in the extractor described under (a), and 
digest for 1 hour with H 2 O at room temp., 
at the end of which period start the ex- 
traction. Keep stopcock (E) closed and col- 
lect entirely thru the side tube (/>) 2 liters 
of percolate in approximately 7 hours. 
Heat the percolate to 80°, cool as directed 
under 1(a), and dilute to the mark. 



FIG. 13.— .\PP.\RATr.S FOR E.XTRACTIN'G 
TANNING MATERIAIvS 


teriala, reduce the quantity of hide powd 
in accordance with the concentration of 


24 ANALYSIS OF THE EXTRACT 

Proceed as directed under 2-9, in- 
clusive. With solns more dilute than speci- 
fied, as is often the case with spent ma- 
er userl in the determination of nontannins 
the soiii and the schedule given under 17. 
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XIL PLANTS 

1 DIRECTIONS FOR SAMPLING^— OFFICIAL, FIRST ACTION 

When more than one plant is sampled, include in the sample a sufficient number 
of plants to insure that it represents adequately the average composition of the 
entire lot of plants sampled. This number cannot be stated definitely; it will depend 
upon the variability in composition of the plants. Details of the procedure must be 
determined by the purpose for which the sample is taken. 

2 PREPARATION OF SAMPLE^— OFFICIAL 

(a) For mineral constiiuenls . — Thoroly remove all foreign matter from the ma- 
terial, especially adhering soil or sand, avoiding excessive washing to prevent leach- 
ing; air dry as rapidly as possible to prevent decomposition or loss in weight by 
respiration; grind; and preserve in tightly stoppered bottles. If the results are to be 
expressed on the fresh weight basis, record the weights of the sample before and 
after air drying. When determinations of Cu, Mn, Zn, Fe, Al, etc., are to be made, 
take precautions to prevent contamination of the sample by dust during air drying 
and from the grinding and sieving machinery. 

(b) For carbohydrates . — Thoroly remove all foreign matter and rapidly grind or 
chop the material into fine pieces. Add the weighed sample to sufficient hot re- 
distilled 95% alcohol to which sufficient precipitated CaCOs has been added to 
neutralize the acidity, using sufficient alcohol so that the final concentration, allow- 
ing for the HjO content of the sample, will be approximately 80%. Heat close to the 
boiling point on a steam or water bath for 30 min., stirring frequently. The samples 
may be stored until needed for analysis. 

3 MOISTURE— TENTATIVE 

Determine as directed under XXVII, 2, 6, or 7. 

4 ASH— TENTATIVE 

Determine as directed under XXVII, 8. 

5 SAND AND SILICA— OFFICIAL 

Ignite 10-50 g of the substance in a flat-bottomed Pt dish in a muffle, at a temp, 
not exceeding dull redness, until the residue is white or nearly so. Moisten with 
5 cc of HCl, evaporate to dryness, and heat on a steam bath for 3 hours to render 
the SiOa insoluble. Moisten the residue with 5 cc of HCl, add about 50 cc of H2O, 
heat on a water bath for a few minutes, filter thru a hardened filter, and w’ash 
thoroly. To this filtrate add the filtrate and washings from the alkali-soluble Si02 
determination (below) and dilute to 200 cc. Designate as soln A. 

(a) 5ond.— Wash the residue from the filter into a Pt dish and boil for about 5 
min. with approximately 20 cc of a saturated soln of NagCOs, add a few drops of ,4 
10% NaOH soln, allow the mixture to settle, and decant thru an ignited and 
weighed Gooch crucible. Boil the residue in the dish with another 20 cc portion of 
the NaiCOs soln and decant as before. Repeat the process. Transfer the residue 
to the Gooch crucible and w^ash thoroly, first with hot IT2O, then with a little HCl 
(1 +4), and finally with hot H2O until free from chlorides. Dry the filter and con- 
tents, ignite, and weigh as sand. Confirm by microscopical examination. 

(b) Alkati-soluble SiOi. — Combine the alkaline filtrate and washings, acidify 

121 



XII 


METHODS OF ANALYSIS 


with HCl, evaporate to dryness, add 5 cc of HCl, again evaporate, and dehydrate 
by heating to 110-120® for 2 hours. Moisten the residue with 5-10 cc of HCl, add 
about 50 cc of H2O, heat on a water bath 10-15 min,, filter thru an ashless filter or 
an ignited and weighed Gooch crucible, wash with hot H2O, ignite, and weigh as 
SiOg. Add the filtrate to soln A. 

6 IRON AND ALUMINUM’— OFFICIAL, FIRST ACTION 

Take an aliquot of soln A, 5, containing approximately 40 mg of Fe- and AIPO4. 
Oxidize the Fe. If the soln does not already contain an excess of phosphate, add to 
an aliquot containing approximately 40 mg of Fe- and A1P04, 0.5 g of (NH4)2HP04, 
stir until dissolved, and make up to 50 cc with H2O. Add a few drops of thymol blue 
and then add NH4OH until the soln just turns yellow'. Hun in 0.5 cc of HCl, follow 
with 25 cc of 25% XII4 acetate, and stir. Let stand at room temp, until the pre- 
cipitate settles (approximately 1 hour). Filter, and w^ash 10 limes wuth hot 5% 
XH4NO5 soln. Ignite, and w eigh as Fc- and AIPO4. 

Fuse the ignited precipitate in a Pt crucible with about 4 g of a mixture of equal 
parts of X’a2C03 and K2CO3. When the fusion is complete, allow the crucil>le to cool, 
add 5 cc of H2SO4, .and heat until copious fumes of SO3 are given off. Cool, transfer 
to a flask, add H2O, and digest until the soln is clear. Reduce the Fe wuth Zn, cool, 
and titrate with 0.1 .V KMn04 soln (cf. XXXVII, 5Q). Report as percentage of 
Fe203. Calculate the oxide to phosphate and subtract from total Fe- and AIPO4. 
This gives the .\1P04. Calculate to and report as .\l2Oa. 

METHOD FOR IRON ONLY 

7 Colorimetric McthoiP — Official j First Action 

To an aliquot of the .soln containing approximately 0.2 mg of Fe, add 1I>() to 
make about 40 cc, 0 cc of HCl, and 0.3 cc of HXO3, and boil for about 30 min. 
Transfer the mixture to a 50 cc volumetric flask, add II2O to make about 35 cc, cool, 
add 10 cc of 20% K sulfocyanate soln, fill to the mark, and compare the intensity 
of color with that of a standard containing somewhere near the same amount of Fe 
as the sample. C'alculate the amount of Fe present. 

8 Titrimetric Method^ — Tentative 

Prepare the .-ample as directed under 7. Take a convenient aliquot of the soln, 
oxidize the Fe by adding drop wise a very dilute soln of KMn04 until a very, very 
faint permanganate color persists. Add 5 cc of 10% XIUCXS and titrate with 
approximately 0.02 .V TiCL to the disappearance of the red color. (Approximately 
a 0.02 X soln of TiCL should be prepared, standardized with a known iron soln, 
kept in the dark in a well fille<l container and standardized against the Fe soln ea(*h 
time it i.s used or every few hours when making a large number of determinations. 
This is easily and quickly done if a .standard iron soln is kept on hand.) 

9 MICRO METHOD FOR ALUMINUM ONLY^TENTATIVE 

Take an aliquot of soln A, S, containing approximately 0.05 mg of AI. Oxidize 
the Fe by boiling with a few' drops of HXO3 anrl transfer to a conical centrifuge tube 
of about 25 cc capacity with marks at 15, 20, and 25 cc. If the quantity of Fe is very 
small, add FejOh f^oln equivalent to about 1 rng of iron; or if the quantity of phos- 
phate present is small, add about 0.1 g of fXH4)2HP04 to insure complete. pre- 
cipitation of the Fe and Al. Dilute the contents to about 15 cc with H2O, neutralize 
with XII4OH, u.sing a drop of dilute methyl red as indi(;ator, and add 1 cc of a 
saturated soln of XH4 acetate. Place the tube in a w'ater bath until th^ precipiLate 
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begins to settle (usually about 10 min.), ceritriftige, decant, and discard the super- 
natant liquid. Dissolve the precipitate in 1 cc of approximately 6 N HCi with warm- 
ing when necessary and dilute to 15 cc. Cool, add 1.25 cc of glacial acetic acid and 
5 cc Of-6 NaOH (special Al-iree), wash down the sides, and fill to the 25 cc mark. 
Let stand for about 1 hour and centrifuge. The precipitate contains the Fe and the 
Boln the Al. 

' Transfer to a 50 cc volumetric flask as large an aliquot as can be drawn off. Add 
H2O to make about 20 cc, a small piece of litiPus paper, and finally HCI (1 +9) until 
the litmus paper just turns red. Determine the Al as follows: Add 5 cc of 5 A" Nil 4 
acetate, 5 cc of 1.5 N HCI, and 2 cc of 0.1% of the dye Aluminon (ammonium salt 
of aurintricarboxylic acid) and place in a water bath at about 80° for 10 min. Add 
5 cc of 5 A NH4CI, cool to room temp., add 5 cc of 3.2 N (NH4)2C03 while shaking 
gently, fill to the mark with H2O, and mix. At this point the reaction should be 
7.1-7.3 and the red color of a blank should disappear in about 15 min.. (The exact 
coUcenfration of the reagents is not important, but the final pH is, and the amount 
of (NH 4)2003 necessary to bring the soln to the above pH should be determined by 
neutralizing similar solns without adding the dye.) Simultaneously with the above 
procedure run a standard (or standards if necessary) containing a given quantity of 
Al. After allowing the mixture to stand for 20 min. for the excess dye to decolorize, 
compare the cClor intensities and read the amount of Al from a curve plotted as 
described in the following paragraph. 

If only a small number of determinations are to be made, prepare 4 standards 
containing 0.01, 0.03, 0.05 and 0.07 mg of Al, respectively, and run these with the 
samples. Compare all these solns with the standard containing 0.03 mg of Al and 
calculate the results to a colorimeter reading of 30 for this standard. Arbitrarily give 
0.005 mg of Al a reading of 100 and with this and the 4 readings on the standards 
plot a 'piirve. Read the quantity of Al in each sample from this curve. If a large 
number of determinations are to be made, extending over a period of time, it is ad- 
visable to make determinations on several series of standards and plot a curve from 
the average of these results. It is then necessary to run only 1 standard each time 
determinations are to be made, and the results can be read from the curve. Blanks 
must be run on both the Fe and'Al determinations as nearly all the reagents contain 
traces of these elements. 

CALCITnrf- OFFICIAL 

10 Macro Metho(^ 

(Applicable to material containing less than 0.05% of MnO.) 

Transfer an aliquot of soln A, 5, to a 200 cc beaker, add H^O if necessary to make 
to 50 cc, heat to boiling, add 10 cc of saturated soln of NH4C2O4 and a drop of methyl 
red. Almost neutralize with NH4OH and boil until the precipitate is coarsely granu- 
lar. Cool, add NH4OH (1+4) until the color is a faint pink (pH 5.0) and allow 
to stand at least 4 hours. Filter and wash with H2O at room temp, until the 
filtrate is free from oxalates. Break the point of the filter with a Pt wire and wash 
the precipitate into the. beaker in which the Ca was precipitated with hot H2SO4 
(1+4) and hot water. Add about 10 cc of H2SO4 (1+4), heat to about 90°C., add 
about 50 cc of hot H2O and titrate with 0.05 KMnOi. Finally add the filter paper 
to the soln and complete the titration. 

H'’ ' Micro Method^ 

Ignite 2 g of the substance in a small crucible in a mufHe at dull red heat. Dissolve 
the ash in HCI (1+4) and transfer to a 100 cc beaker. Add 5 cc of HCI and evaporate 


123 



Xll 


METHODS OK ANALYSIS 


to dryness on the steam bath to dehydrate the Si02. Moisten the residue with 5 oc 
of HCl, add about 50 cc of distilled H2O, heat for a few minutes on the steam bath, 
transfer to a 100 cc volumetric flask, cool quickly to room temp., make to volume, 
shake, and filter, discarding the first portion of the filtrate. Pipet a 15 cc aliquot into 
a conical-tipped centrifuge tube containing 2 cc of saturated NH4 oxalate soln 
and 2 drops of 0.05% methyl red. Add 2 cc of acetic acid (1+4), rotating the tube 
to mix its contents thoroly. Add, while intermittently rotating the tube, NH4OH 

(1+4) until the soln is faintly alkaline, after 
which add a few drops of dilute acetic acid 
(1 +4) with a dropper until the color is ad- 
justed to a faint pink (pH 5.0). (It is impor- 
tant at this point to rotate the tube so that 
the last bit of liquid in the conical tip is the 
color required.) Allo^v the mixture to stand 
at least 4 hours and whirl the tube in the cen- 
trifuge for 15 min. (The precipitate should 
then be in a firm lump in the tip of the tube.) 
Remove the supernatant liquid by measis of 
the suction device (Fig. 14), taking care not 
to disturb the precipitate. Wash the precipi- 
tate l)y adding 2 cc of NH4OH (1+49), rotat- 
ing the tube to break up the precipitate. (It 
may be necessary to jar the tube sharply.) 
Return the tube to the centrifuge for 10 min., 
and again remove the supernatant liquid and 
wash with the reagent as before. Repeat this 
operation until the precipitate ha^ been 
washed 3 times. When the supernatant liquid 
ha.s been removed after the final centrifuging 
add 2 cc of H2SO4 (1 + 4) to the tube, break up 
the precipitate as before, heat on the steam 
bath to between 80 and 90^, and titrate in the tube with 0.02 X KMn04, rotating 
the liquid during the titration to attain a proper end point,* If the tube cools below 
60"^ during the addition of the KMnO*, reheat it in the steam bath for a few minutes 
and complete the titration. Run a l>lank on an identical amount of H2SO4 in a 
similar tube heated to the same temp, to determine the quantity of 0.02 X KMn04 
necessary to give the color of the end point. Subtract this value from the buret 
reading, 1 cc of 0.02 A* KMn04 =0.0004 g of Ca. Report as percentage of Ca. 



FIG. 14— SUCTION DEVICE USED 
IN MICRO METHOD FOR THE 
DETER .M I N T 10 N O F 
C.\LCIUM 


12 MAGNESroM^— OFFICIAL 

To the combined filtrate and washings from the Ca determination, 10, adcl 30 
cc of HXOj and evaporate to dryness to decompose the NH4 salts. Take up with 
5 cc of HCl and make to a volume of about 100 cc with H2O. Add 5 ce of a 10% 
Xa citrate soln and 10 cc of a 10% (XH4)2HP04 soln, or enough to precipitate all 
the Mg. Add XH4OH fl +4) with constant stirring (using a rubber policeman) until 
the soln is faintly alkaline and the precipitate forms; then add about 5 cc 6f 
NH4(Sf, stir vigorously until the precipitate Ls granular, and allow to stand in a 
cool place overnight. Filter and wash free from chlorides with cold NH4OH (1+10). 
Ignite, and weigh a.s Mg2P207. (Calculate and report as percentage of MgO. 
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13. MANGANESES— OFFICIAL 

To an aliquot of soln A, 5 , representing about 0 . 2 - 0. 5 g of ash, add 15 cc of 
H2SO4 and evaporate to about 30 cc. Add 5-10 cc of HNO3 and continue the evapo- 
ration. (It is neither necessary nor advisable to evaporate until dense fumes appear, 
since the Fe2(S04)3' tftn dissolves with difficulty. HNO3 may be present, but not 
HCl.) Add H2O, a little at a time; heat until the Fe salts have dissolved; and dilute 
to about 150 cc. Add 0.3 g of KIO4 in small portions, boil for a few minutes or until 
the color of the KMn04 shows no further increase in intensity, and allow to cool. 

Prepare the standard as follows: To a volume of H2O equal to the sample add 15 cc 
of H2SO4 and sufficient ymre Fe(N03)3, free from Mn, to equal approximately the 
quantity of Fe in the sample. Add a measured quantity of 0.1 A'KMn04 soln until 
the color is slightly darker than the sample, and then add 0.3 g of KIO4 and boil 
for a few minute.s. When cool, transfer the sample and standard to 250 cc flasks and 
dilute to the mark with H2O. If the color is weak, it may be necessary to dilute to 
less than 250 cc. Compare the colors in any standard colorimeter. Calculate and 
report the results as percentage of Mn304. 

14 SODIUM AND POTASSIUM— OFFICIAL 

Moisten 1-10 g of the sample with Hi:S04 (1 + 10), dry in an oven, and ignite in a 
muffle at a low red heat to destroy the organic matter. Heat the residue on a steam 
bath with 2-5 cc of HCl and about 50 cc of H2O. Transfer to a beaker and add 
NH4OH drop wise until the precipitate formed requires several seconds to dissolve, 
thus leaving the soln but faintly acid. Heat nearly to boiling, and add NH4OH to 
precipitate all the Fe, Al, etc. Boil in a covered beaker for about 1 min.; remove, 
and if no NIH is detected by smelling, continue the addition, dropwise, until it can 
he detected. Do not allow the precipitate to settle, but stir and pour on the filter. 
Wash immediately with hot H2O, using, to effect rapid filtration, a fine jet directed 
around the edge of the precipitate to cut it free from the paper. Wash the precipitate 
several times, return it to the original beaker, dissolve with a few drops of HCl, 
and warm. Tteprecipitate the Fe, Al, and P2O5 wdth NH4OH as directed above; filter 
and wash until free from chlorides. Evaporate the combined filtrates and washings 
to dryness, heat below redness until NH4 salts are expelled, and dissolve in hot 
H2O. Add 5 cc of a saturated soln of Ba(OH)2, heat to boiling, allow to settle a few 
minutes, and determine whether or not the precipitation is complete by the addi- 
tion of more of the Ba(OH)2 soln to a little of the clear liquid. When no further pre- 
cipitate is produced, filter and wash thoroly with hot H2O. Heat the filtrate to boil- 
ing and add NH4OH (1 + 4 ) and a 10 % (NH4)2C03 soln to complete the precipita- 
tion of the Ba, Ca, etc. Let stand a short time on a water bath, filter, and wash the 
precipitate thoroly with hot H2O. Evaporate the filtrate and washings to dryness, 
expel NH4 salts by heating below redness, treat with a little hot H2O, and add a 
few drops of the dilute NH4OH, 1 or 2 drops of the (NH4)2C03 soln, and a few drops 
of a saturated soln of NH4 oxalate. Let stand for a few minutes on a water bath and 
set aside for a few hours. Filter, evaporate to complete dryness on a water bath, 
and heat at a temp, not exceeding dull redness until all NH4 salts are expelled and 
the' residue is nearly or quite white. Dissolve in a minimum quantity of H2O, filter 
into a weighed Ft dish, add a few drops of HCl, evaporate to dryness on a water 
bath, heat at a temp, not exceeding dull redness, cool in a desiccator, and weigh 
as KCl plus NaCl. Repeat the heating until constant weight is obtained. 
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15 Platinic Chloride Method for Potassium — Ojficial 

Dissolve the residue with a few cc of H3O, acidify with a few drops of HCl, add 
an excess of PtCU soln, 11, 42(h), and proceed as directed under II, 47, beginning 
with “Evaporate on a water bath to a thick paste. . . K^PtClaXO. 16084 = K. 
If it is desired to determine the Na, calculate the K to KCl and subtract this from 
the KClH-NaCl found in the preceding paragraph. 

16 Perchloric Acid Method for Sodium and Potassiu7n^ — Tentative 

Prepare the material as directed in 14 until the heavy metals have been removed 
and the two elements are in the form of chlorides. (Sulfates must be absent.) Add 
3-5 cc of 60% HCIO^. Evaporate to dryness, dissolve in hot HjO, and again evapo- 
rate to dryness. Heat to 350®, cool, and weigh if it is desired to obtain the combined 
perchlorates. .4.dd 10-20 cc of a mixture of anhydrous ethyl acetate and C.P. normal 
butyl alcohol in equal proportions by volume. Digest near the boiling point for 
several mftiutes. Decant into a Gooch crucible. Wash once or twice by decantation 
with a few cc of the acetate-alcohol mixture. Dissolve in the minimum quantity 
of H2O, evaporate to dryness, and extract as before. Filter, and wash several limes 
with 1 cc of the acetate-alcohol mixture. Dry in an oven at 110® for several minutes 
and heat at 350® for 15 min. Cool and weigh. KCIO3 X0.28218 = K. Calculate the 
Ka by difference. 

17 Rapid Method for Potassium Only — Official 

Proceed as under 14 to “and if no XHj is detected . . . until it can be detected,” 
Then add a few cc of saturated (XH 4)20204, let stand for a few hours, filter into a 
Pt evaporating dish, evaporate to drive off the excess of XH3, add 0.5 cc of H2SO4 
(1+1), evaporate, ignite by whirling the dish over a free flame, and proceed as 
directed under 15. 

Uranyl Acetaie Method for Sodium Onhf — Tentative 

18 RE.^GEXT 

Magnesium uranyl acetate soln. 

(a) Crystallized uranyl acetate. — To 85 g add 60 g of glacial acetic acid and H2O 
to make 1000 cc, 

(b) Crystallized magnesium acetate. — To 500 g add 60 g of glacial acetic acid and 
water to make 1000 cc. 

Heat (a) and (b) separately to about 70® until all the salts are dissolved and then 
mix the two solns at this temp, and allow to cool to 20®. Place the vessel containing 
the mixed reagent in H2O at 20®, and hold at this temp, for an ho\ir or two until 
the slight excess of .=alts is crystallized out. Filter the reagent thru a dry filter into 
a dry bottle. 

19 DETEHMIVATIOV 

Moisten 1-10 g of the sample with H2HO4 (1 + 10), dry in an oven, and ignite in 
a muffle at a low red heat to destroy the organic matter. Heat the residue on a steam 
bath with 2-5 cc of HCl, add about 40 cc of HjO, and heat to boiling. Add a sufficient 
amount of CaCH soln to precipitate all the phosphates. Precipitate the phosphates 
by making slightly alkaline with NIDOH. P'ilter, and evaporate to 5 cc or less if 
no salts separate. (*ool. Add 100 cc of the magnesi\im uranyl acetate, place the 
mixture in a water bath at 20® and either stir vigorously for 45 min. or let stand for 
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24 hours. Filter with suction and wash with 95% alcohol saturated with the Na-Mg- 
uranyl acetate. Dry at 105-110® for 30 min., cool, and weigh. Weight of Na-Mg- 
uranyl acetate X0.0153 = Na. 

COPPERi^OFFICIAL, FIRST ACTION 

20 REAGENTS 

(a) Potassium ethyl xanthate. — 0,1% water soln prepared fresh each time it is 
used. 

(b) Standard copper sulfate . — Dissolve 0.3928 g of pure CuS 04 - 5 H 20 in HsO, 
dilute in a volumetric flask to 1000 cc, and mix. 1 cc =0.0001 g of Cu. 

(c) Filter-paper pulp . — Moisten and tear a good grade of sheet filter paper into 
bits and place in a porcelain dish. Add, while stirring with a glass rod, enough cold 
HCl to disintegrate the paper and reduce the mass to a mushy consistency. Transfer 
the pulp to a large Buchner funnel and wash free of acid, using suction. Transfer 
the washed pulp into a clean glass bottle and add H 2 O to make a thick pulp suitable 
for making a pad in a Caldwell crucible. (The precipitates of Cu and Zn obtained 
in these methods can be readily filtered and M^ashed upon pads made with this 
filter-paper pulp by the use of the suction pump.) 

21 DETERMINATION 

Ash 100-500 g of the finely divided air-dried plant material in Si02 dishes with a 
small flame, but do not allow the plant material to burn wdth a blaze. After the 
volatile matter has been dispelled, complete the ashing in a muffle furnace main- 
tained at the temp, of a faint red glow. Hasten the ashing process by removing the 
dishes from the muffle at intervals and breaking up the lumps with a Pt stirring rod. 
After the C has been oxidized as completely as possible, cool the dish, moisten the 
ash with HgO, w'ash into a 250 cc beaker, and cover with a watch-glass. Decompose 
the ash with HCl (1+1) introduced thru the lip of the beaker beneath the watch- 
glass by means of a pipet. After effervescence has ceased, rinse the watch-glass into 
the beaker, filter the insoluble residue out on a Buchner funnel, and wash free of 
chlorides. If the insoluble residue contains undecomposed particles of C, transfer it 
into a Si02 dish and reignite in the muffle furnace until all particles of C are de- 
composed and a light colored ash remains. Redigest the ash on a hot water bath 
with 15 cc of HCl (1+1), filter, and wash free of chlorides. Combine the filtrates in 
a clean porcelain dish, evaporate to dryness, and bake at 110° until the HCl is ex- 
pelled. Moisten the dry residue with 10 cc of HCl (1+1) and digest, with stirring, 
for 10 min. Dilute with hot H 2 O, filter out the Si02, wash free of chlorides, combine 
with the insoluble residue, ignite, and weigh. Make the filtrate to about 250 cc, 
heat to near the. boiling point, and pass a slow stream of H 2 S thru the soln for 15 
min. Rinse the H 2 S delivery tube into the flask, tightly stopper, and set aside until 
the precipitate settles and the supernatant soln is clear. Filter the CuS on a pad of 
the paper pulp and wash with HCl (0.25 N) saturated with H 2 S; ignite in a 
porcelain crucible and dissolve the CuO in a few drops of HNO 3 (1 +9) and one drop 
of IICl (1+9). Filter the soln and wash the filter paper clean. Evaporate the soln 
to dryness in a porcelain dish 3 times with the addition of a few drops of HNO 3 
(1+9) and take up with a very small drop of the HNOs delivered from a stirring 
rod having a sharp point. Make to a volume of 50 cc, and transfer an aliquot of 5 
cc to a Nessler tube containing 10 cc of the K ethyl xanthate. Mix the solns and 
dilute to 25 cc. Transfer 10 cc of the K ethyl xanthate to a second Nessler tube, dilute 
to a volume of about 15 cc, and add the standard Cu soln, dropwise with thoro 
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mixing with a glass stirring rod until the color in the standard tube apparently 
matches the color in the tube containing the sample. Make the volume and the final 
adjustment of the color of the standard in the tube containing it. Record the num- 
ber of cc of the standard Cu soln required and calculate the percentage of Cu. 

To the filtrate from the CuS addh cc of TINO3 (1 +1) and boil for 10 min. to oxi- 
dize the remaining metals. Cool the soln and make to a convenient volume (250 cc). 
From this stock soln take suitable aliquots for the determination of Zn or other 
elements contained in tlie ash of the sample. 

ZINC^°— OFFICIAL, FIRST ACTION 

22 REAGENTS 

(a) Potassium ferrocyanide soln , — Dissolve 2 g in H2O and dilute to 100 cc. 
Should be freshly prepared. 

(b) Zinc sulfate . — Dissolve 1 g of C.P. Zn in H2SO4 and dilute to 1000 cc. I cc = 
O.OOl g of Zn. 

23 DETER.MINATIUN 

Transfer an aliquot equivalent to 25 g of plant material from the stock soln 
(filtrate from the Cu determination — last paragraph under 21) to a 250 cc Erlen- 
meyer flask and add NH4OH in slight excess. Dissolve the precipitate in a slight ex- 
cess of pure glacial acetic acid, saturate the soln with HjS, and set aside for several 
hours for the precipitate to settle. The acidity of the soln must be kept between pH 
2 and pH 3, and the presence of a citrate helps to prevent the precipitation of Fe 
and Mn. Hence at this point add about 2 g of citric acid, ammonia until neutral to 
methyl orange, and then 10 cc of a formic acid soln (containing in 100 cc of the 
mixture, 3 cc of NIDOH, 20 cc of 90% formic acid, and 25 g of ( \H 4)2^^04). Filter on a 
pad of paper pulp, 20(c), and wash with a soln of acetic acid(l -hlO) containing lOgof 
XH4 acetate in 100 cc of soln, saturated with H2H. Ignite the pad of paper pulp and 
precipitate in a porcelain crucible, cool, dissolve the residue in a few drops of HC1 
(1+9) and warm on the hot water bath. Transfer to a 100 cc l)eaker and add 
NHiOH in slight excess. Heat on the water bath for 5 min., filter, and wash the 
precipitate. Add acetic acid in slight excess to the filtrate and saturate the hot soln 
with 11 2S; stopper tightly and .set aside several hours in a warm place for the pre- 
cipitate to settle; filter; wash as previously described and ignite in a porcelain 
crucible. Dissolve the ignited residue of ZnO in 10 cc of 0.1 X II2SO4, make to a 
volume of 50 cc, and mix. Transfer an aliquot of 5 cc to a 50 cc Ncssler tube con- 
taining 5 cc of the K ferrocyanide. Dilute to 50 cc, mix with a stirring rod, and let 
stand 5-10 min. To another Nessler tube containing 5 cc of the K ferrocyanide 
diluted to about 40 cc, add dropwise with stirring the Zn sulfate until the turbidity 
in the standard matches the turbidity of the sample. From the number of cc of the 
Zn standard required calculate the percentage of Zn contained in the sample. 

ARSENIC-TENTATIVE 

24 PREPARATION OF KOLITTION 

Proceed as directed under XXIX, 3. 

25 DETERMINATION 

Proceed as directed under XXIX, 4, or take an aliquot and determine as directed 
under VI, 12, beginning with ^'add 3 cc of 
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SULFUR 

Sodium Peroxide Meihod^^ — Ojficial 

26 PREPARATION OF SOLUTION 

Place 1.5-2. 5 g of material in a Ni crucible of about 100 cc capacity and add 5 g 
of anhydrous Na2C03. Mix thoroly, using a Ni or Pt rod, and moisten with approxi- 
mately 2 cc of H2O. Add Na202, approximately 0.5 g at a time, thoroly mixing the 
charge after each addition, and continue until the mixture becomes nearly dry and 
quite granular. (About 5 g of Na202 is required.) Place the crucible over a S-free 
Hame or an electric hot plate and heat carefully, with occasional stirring, until the 
contents are fused. (If the material ignites, the determination is worthless.) After 
fusion, remove the crucible, allow to cool somewhat, and cover the hardened mass 
with more of the Na202 to a depth of about 0.5 cm. Heat gradually and finally with 
full flame until fusion again takes place, rotating the crucible from time to time in 
order to bring any particles adheung to the sides into contact with the oxiding 
material. Continue the heating for 10 min. after fusion is complete. Cool somewhat, 
place the warm crucible and contents in a 600 cc beaker, and carefully add about 
100 cc of H2O. After the initial violent action has ceased, wash the material out of 
the crucible, make slightly acid with HCl (adding small portions at a time), transfer 
to a 500 cc flask, cool, and dilute to volume. Filter, and determine sulfates in an 
aliquot of the filtrate as directed under 27. 

27 DETERMINATION 

Add HoO to make the aliquot to about 200 cc and add HCl to make approxi- 
mately 0.5 cc of free acid present. Heat to boiling and add 10 cc of 10% BaCU soln 
dropwisc with constant stirring. Continue the boiling for about 5 min. and allow 
to stand for 5 hours or longer in a warm place. Decant the liquid thru an ashless 
filter or an ignited and weighed Gooch crucible, treat the precipitate with 15-20 cc 
of boiling H2O, transfer to the filter, and wash with boiling H^O until the filtrate is 
free from chlorides. Dry the precipitate and filter, ignite, and weigh as BaS04- 
Multiply the result by the factor 0.13730 and report as percentage of S. 

Magnesium Nitrate Method^‘^ — Oficial 

28 PREPARATION OF SOLUTION 

Weigh 1-5 g of material into a large porcelain or Sillimanite crucible. Add 7.5 cc 
of Mg(N03)2 soln, II, 7(e), taking care that all the material is brought in contact 
with the soln, and heat on an electric hot plate (180°) until no further action takes 
place. Transfer the crucible while hot to an electric muffle and allow it to remain at 
low heat (muffle must not show any red) until the charge is thoroly oxidized. (No 
black particles should remain. It may be necessary to break up the charge and re- 
turn to the muffle.) Remove the crucible from the muffle and allow to cool. Add H2O, 
then HCl in excess. Bring the soln to a boil, filter, and wash thoroly. If preferred, 
transfer the soln to a 250 cc volumetric flask before filtering and make to the mark 
with H2O. 

29 DETERMINATION 

Dilute the entire filtered soln, 28, to 200 cc or take an aliquot of 100 cc of the 
measured volume, make to 200 cc, and proceed as directed under 27. 
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PHOSPHORUS1* 

30 Macro Method — O^aoZ 

(a) For samples exceedingly high in P and loio in Ca and Afff, such as certain seeds, 
grains, etc. — Prepare as directed under 28, or evaporate the filtrate and washings 
from the S determination, 27, to 50 cc and proceed as directed under II, 9 or 12. 

(b) For all other samples. — Take a 50 cc aliquot of soln A, under 5, and proceed 
as directed under II, 9 or 12, 


Micro Method^'^— Official 

31 REAGENTS 

(a) Standard potassium dihydrogen phosphate soln. — Dissolve 0,4394 g of pure dry 
KH2PO4 in distilled H2O and make up to a liter. 50 cc of this soln diluted to 200 cc 
gives a standard of which 2 cc —0.05 mg of P. 

(b) Ammonium molybdate soln. — Dissolve 25 g of NH4 molybdate in 300 cc of 
H2O. Dilute 75 cc of H2S04 to 200 cc and add to the NHi molybdate soln. 

(c) HydroquinoJie soln. — Dissolve 0.5 g of hydroquinone in 100 cc of distilled H2O, 
and add one drop of H2SO4 to retard oxidation. 

(d) Sodium sulfite so?n.— Dissolve 200 g of Na2S03 in distilled H2O, make up to 
a liter, and filter. Either keep this soln well-stoppered or make it up fresh each time. 

(e) Magnesium nitrate soln. — Dissolve 160 g of MgO in HNO3 (1+1), avoiding 
an excess of the acid; add a little MgO in excess, boil, filter from the excess MgO, 
FejOs, etc,, and dilute to 1 liter. 

32 preparation of solution 

To 1 or 2 g of the substance in a small Sillimanite orucil)le add 1 cc of 
the Mg(X03)2 soln, and place on the steam bath. After a few minutes cautiously add 
a few drops of HCl, taking care that the formation of gas bubbles does not push por- 
tions of the sample over the edge of the crucible. Make 2 or 3 further additions of a 
few drops of HCl while the sample is on the bath so that as it approaches dryness 
there is a tendency for it to char. If the contents of the crucible become so viscous 
that no further drying may be obtained on the bath, complete the drying on a hot 
plate, put on a crucible cover, transfer to a cold muffle, and ignite at dull re<l heat 
for 6 hours or until an even grey ash is obtained. (It may be necessary to cool the 
crucible, dissolve the ash in a little H2O or alcoholic glycerol, evaporate to dryness, 
and return uncovered to the muffle for another 4 or 5 hours.) ('ool, take up with 
HCl (1+4), and transfer to a 100 cc Vjcakcr. Add 5 cc of HCl and evaporate to dry- 
ness on the steam bath to dehydrate the SiOj. Moisten the residue with 2 cc of IICI, 
add about 50 cc of distilled H2O, heat for a few minutes on the bath, transfer to a 
100 cc volumetric flask, cool immediately, make to volume, and filter, discarding 
the first portion of the filtrate. 

33 DETERMINATION 

To a 5 cc aliquot of the filtrate in a 10 cc volumetric flask add 1 cc of the NH* 
molybdate, rotate the flask to mix, and allow to stand a few moments. Add 1 cc of 
the hydroquinone soln, again rotate the flask, and add 1 cc of the NaiSOa soln. 
(These last 3 additions may be made with a Mohr pipet.) Make to volume with 
distilled H2O, stopper the mouth of the flask with the thumb or forefinger, and shake 
to mix the contents thoroly. Allow to stand 30 min. and compare immediately in 
a colorimeter with 2 cc of the standard KHjP04 soln treated simultaneously and 
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in an identical manner. With either the unknown or standard set at 25,0 mm, 
readings within 10 mm (i.e., a range of 20 mm) are accurate. If the concentration of 
P in the unknown set is outside this range, it may be brought nearer to that of the 
standard by diluting the filtrate, ashing a smaller or larger sample, making the fil- 
trate to a smaller or larger volume, or using a smaller aliquot. Report as percentage 
of P. 

CHLORINE 

34 PREPARATION OP SOLUTION — OFFICIAL 

Moisten 5 g of the substance in a Pt dish with 20 cc of a 5% Na 2 C 03 soln, evapo- 
rate to dryness, and ignite as thoroly as possible at a temp, not exceeding dull red- 
ness. Extract with hot IIjO, filter, and wash. Return the residue to the Pt dish and 
ignite to an ash; dissolve in HNO3 (l-[-4), filter from any insoluble residue, wash 
thoroly, and add this soln to the II 2 O extract. 

35 Gravimrtric Method — Official 

To the prepared soln add a 10% AgNOs soln, avoiding more than a slight excess. 
Heat to boiling, protect from the light, and allow to stand until the precipitate is 
coagulated. Filter on a weighed Gooch crucible, previously heated to 140-150°, 
and wash with hot H 2 O, testing the filtrate to prove excess of AgNOa- Dry the 
AgCl at 140-150°, cool, and weigh. Report as percentage of Cl. 

Volumetric Method — Official 

36 REAGENTS 

(a) Silver nitrate soln. — Adjust to exact 0.1 N strength by standardizing against 
a 0.1 N NaCl soln containing 5.846 g of pure NaCl per liter. 

(b) A 7 nmoniu 7 n or potassium thiocyanate. — 0.1 N. Adjust by titrating against the 
0.1 N AgNOa. 

(c) Ferric indicator. — A saturated soln of ferric ammonium alum. 

(d) Nitric acid. — Free from lower oxides of N by diluting the usual pure acid with 
about \ volume of H2O, and boiling until perfectly colorless. 

37 determination 

To the soln prepared as directed under 34, add a known volume of the 0.1 W 
AgNOa in slight excess. Stir well, filter/and wash the AgCl precipitate thoroly. To 
the combined filtrate and washings add 5 cc of the ferric indicator and a few cc of 
the HNO3 and titrate the excess of Ag with the 0.1 N thiocyanate until a permanent 
light brown color appears. From the number of cc of 0.1 N AgNOs used, calculate 
the quantity of Cl. 1 cc of 0.1 AgNOs = 0.00355 g of Cl. 

Volumetric Method — Tentative 

(If bromides or iodides are present in significant quantities 
the results must be corrected accordingly.) 

38 reagents 

(a) Standard potassium iodide soln. — Weigh out 4.6826 g of the pure, dried salt, 
dissolve in ICO, and dilute to 1 liter. 1 cc = 1 mg of Cl. 

(b) Approximately 0.S N silver nitrate soln. — Dissolve 48 g of the salt in HjO, 
filter, and dilute to 1 liter. 1 cc = 10 mg of Cl (approximately). 

(c) Standard silver nitrate soln.— Dilute 100 cc of Reagent (b) to about 900 cc 
and adjust by standardizing against Reagent (a) so that 1 cc = l mg of CL 
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(d) Chlorine-free starch indicator . — For each 100 cc of the final soln take 2.5 g 
of soluble starch and make to a paste with cold H 2 O. After stirring out the lumps, 
add 25-50 cc more cold H^O and stir or shake for 5 min. Centrifuge, decant, and 
discard the liquid. Kepeat the extraction 3 times and finally transfer the residue to 
a flask containing the proper quantity of boiling H 2 O. Stir again, allow to come to 
a boil, cover with a small beaker, and cool under the tap, shaking occasionally- 

(e) Dilute sulfuric acid soln . — Add 35 cc of II 2 SO 4 to 1 liter of II jO and cool to 
room temp. 

(f) Iodine indicator . — To approximately 20 g of pure I in a 500 cc ground-glass- 
stoppered bottle add 400 cc of Reagent (e) and shake for 10 min. Decant, and dis- 
card the first soln since it may contain iodides. Repeat the process and store this 
soln in small ground-glass-stoppered bottles. 

(g) Potassium permanganate . — Dissolve (iO g of the salt in 400 cc of warm H 2 O 
(about 50“^) and dilute to 1 liter. 

(h) Potassium sulfate- — copper sulfate mixture . — -Thoroly mix 16 parts of 1 x 3804 
with 1 part of CUSO 4 . 5 H 2 O. 

(i) Wash soln . — Mix 980 cc of H 2 O with 20 cc of HNO 3 . 

39 DETERMINATION 

Weigh into a beaker such a quantity of the sample as is expected to contain 10- 

40 mg of Cl. (If more than 4 g is taken, use proportionately more HXOjand KMn 04 
soln.) Add 10 cc of the 0.3 A' AgNOs soln and stir until the sample is thoroly soaked 
with the soln, adding a little H 2 O or warming if necessary. Add 25 cc of HNOs, stir, 
add 5 cc of the KMn 04 soln, and stir until the frothing stops. Place the mixture in a 
water bath or on a hot plate to keep it just below boiling. Stir, and wash down the 
sides of the beaker at intervals with the least possil)le quantity of IDO. After 20 
min., or when there appears to be no further action on the sam])le, add more of the 
KMn 04 sola, a little at a time until the color fades slowly or until twice the amount 
used at the beginning has been added. Dilute to about 125 cc with boiling HaO and 
heat 10 min. longer. (The beaker may stand in the bath or on the hot jdate until 
ready to filter.) Filter while hot thru Whatman’s No. 5, or similar paper, with suc- 
tion as follows: Place a disk of 30-niesh stainless steel wire gauze or of No. 40 filter 
cloth in the bottom of a 3 in. Hirsch funnel. Fold a 9 cm paper over the bottom of 
a No. It rubber stopper, shaping it to the funnel by making 9-10 folds up the sitle 
of the stopper. Place the paper in the funnel and apply strong suction. Wet the 
paper and keep it wet while fitting it into the funnel so as to avoid double thick- 
nesses of paper. Thoroly wash the paper, first with IDO then with the ash soln. 
Discard the washings and rinse out the flask. Pour the supernatant liquid thru the 
filter and transfer the precipitate and sample residue to the filter. If the filtrate is 
not turbid or only slightly opalescent, wash the precipitate thoroly, applying the 
wash soln very gently, but maintaining a strong .suction on the filter. If the com- 
bined filtrate and washings are clear, test them for Ag. If turbid, re-heat and pas^i 
thru the filter, r(q)eating until clear, and finally wash as directetl above. If the lil- 

drate does not give a definite test for Ag, repeat the determination on a fresh hut 
smaller portion of the sample. Place the filter paper and contents in a Kjeldahl flask 
and add such quantities of the mixture of CU 8 O 4 and K 28 O 4 and of 112804 as would 
be appropriate for a protein determination on the kind and amount of ma- 
terial and digest in a similar manner. <'For 2 g of grass, 8 g of the sulfate mixture and 
20 cc of acid are enough.) When the digest is cool, add 75 cc of H 2 O and cool to 
room temp. Titrate the , 4 g 2 S 04 in the Kjeldahl flask with the standard Kl, using 



PLANTS 


XII 


5 cc of starch and 30 cc of I as indicator. (The latter is added just before the titra- 
tion.) Wash down the neck of the flask after each addition of KI when near the end 
point and titrate until the blue color persists after shaking. If less than 30 nag of 
chlorine is present, add the starch and I at the beginning. If a larger but unknow'n 
amount is present, add 2 cc of starch and 10 cc of I at the beginning and titrate 
until the approach of the end point is seen. Shake vigorously to coagulate the pre- 
cipitate, add the remainder of the starch and I and proceed to the end point. If a 
known large amount is present, titrate to within 2 cc of the end point, shake as 
above, add the indicator reagents, and continue the titration. If the end point is 
over-run, add 5 cc of the standard AgNOa and titrate again. 

Blank determinations are not necessary after the reagents have been tested. If 
the blanks made by using pure sugar as a sample exceed 0.05 mg, examine the 
filter paper and the various reagents carefully. 

40 IODINE^’— TENTATIVE 

Weigh a sample of 50 g of finely ground, air-dry plant material; transfer to a 
porcelain dish, and thoroly mix with 10 g of finely pulverized CaO and 10 g of finely 
pulverized CuO. Distribute the mixture in 3 alundum boats and place end to end 
in a large combustion tube. Close the right end of the combustion tube tightly with 
a rubber stopper that carries a glass tube connecting with the wash bottle. Connect 
the w'ash bottle on the left to a suction pump, and close the electric circuit. When 
tube 3 attains a red heat draw air thru the system and light the first burner on the 
left of the gas furnace. (After a short time the heat from this burner sets the plant 
material in the first boat on fire, and a moderately rapid current of air drawn thru 
the tubes and heat from the other burners of the gas furnace lighted at the proper 
time keep the sample burning at a slow and uniform rate, somewhat in the manner 
of a lighted cigar. Any iinburned vapors from the sample are drawn over the red- 
hot platinized asbestos catalyst, where they are completely burned, and the I 
vapors are carried into the gas wash bottles and absorbed.) 

After the combustion is completed, turn off the heat and cool the apparatus by 
continuing to draw the current of air thru the system. Discolinect the suction 
pump and remove the boats carefully. Digest the ash, leach with hot distilled H2O, 
and combine the filtrate from the ash with the K2CO3 solns from the absorption 
flasks and evaporate to dryness. 

Add just enough HoO to dissolve the residue and transfer the soln to a separator 
of the proper size. Add enough 95% pure ethyl alcohol to form two immiscible 
layers and shake the separator vigorously for about 10 min. Run the aqueous por- 
tion of the soln into another separator, and repeat the process of extraction 3 times. 
Combine the alcoholic extracts that contain the I and evaporate slowly in a small 
silica dish to dryness, avoiding spattering. Heat in an electric furnace having a 
pyrometer attachment for 30 min. at 400° to char any organic matter present. 

, Cool, dissolve the residue in a few drops of H2O, filter into a small separator, and 
make slightly acid with H2SO4 (1+3). Add about 3 cc of a saturated soln of sul- 
furous acid; stopper the separator and shake vigorously for about 1 min. to reduce 
iodate, if present, to iodide. Add 1 cc of pure CS2, accurately measured, and about 
2 cc of a 10% soln of I-free NaN02. Stopper the funnel and shake vigorously for 
about 1 min. and allow the cs, to settle. (If in the CS2 a slight pink color is evident, 
all the I has been absorbed.) If the CS2 has a deep pink color, run it into a centrifuge 
tube, add 1 cc of CS2, and repeat the extraction until the last portion has only a 
faint color. Combine the extracts, centrifuge, and compare a portion in a micro- 
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colorimeter with an I standard prepared in a similar way. Report the results in 
p.p.m. if high, or p.p.b. if low. 

1. Absorption bottle containing 5% K2CO3 (2 bottles used); 2. rheostat; 3. silica 
catalyst tube; 4. platinized asbestos catalyst; 5. electric tube furnace, maximum 
temp. 1100®; 6. asbestos cement seal, sealing large combustion tube to smaller tube 
containing catalyst; 7. silica combustion tube; 8. alundum boats containing sample; 
9. gas combustion furnace; and 10. wash bottle containing 10% KjCOs. 



41 SELENIUM^ ^ 

(Applicable to materials containing over 2 p.p.m. of selenium.) 

Grind the air-dried sample and carefully prepare a uniform subsample. Prepare 
a mixture of 50 cc of and 100 cc of 08% HXO3 in a 600 cc beaker. Add 5g 

of the powdered sample to the acid mixture slowly, with stirring, restricting the 
temp, of the mixture to not above 80". After adding the sample and the first vigor- 
ous reaction is over, warm gently with occasional stirring until fumes of nitrogen 
peroxide cease to evolve. Warm at a temp, not to exceed 120'’ until a slight darken- 
ing of the liquid begins to appear. Transfer the liquid to a distilling apparatus alid 
proceed a.s directed in I, 33. 

SUGARS’* 

42 PREPARATION OF SOLUTION — OFFICIAL, FIRST ACTION 

(a) Extraction . — Prepare the sample as described under 2(b). Pour the alcoholic 
soln thru a filter paper or extraction thimble, catching the filtrate in a volumetric 
flask. Transfer the insoluble material to a lieaker, cover with 80% alcohol, warm 
on a steam bath for 1 hour, allow to cool, and again pour the alcoholic soln thru the 
same filter. If the second filtrate is highly colored, repeat the extraction. Transfer 
the residue to the filter, allow’ to drain, and dry. Grind the residue so that all the 
particles will pa.ss thru a 1-mm sieve, then transfer it to an extraction thimble and 
extract for 12 hours in a Soxhlet apparatus wdth 80% alcohol. Dry the residue and 
save for the starch determination. Combine the alcoholic filtrates and make to 
volume at a definite temp, w ith 80% alcohol. 

i'b) Clearing . — ^Place an aliquot of the alcoholic extract in a beaker on the steam 
bath and drive off the alcohol. Avoid evaporation to dryness by adding H2O if 
necessary. When the odor of alcohol has disappeared from the sample, add about 
100 cc of distilled H2O and heat to 80® to soften gummy precipitates and break up 
insoluble masses. Cool to room temp, and proceed as directed under (1) or (2). 

(1) Transfer the soln to a volumetric flask and rinse the beaker thoroly with 
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lIjO, adding the rinsings to the contents of the flask. Add enough saturated neutral 
Pb acetate to produce a floccuient precipitate, shake thoroly, and allow to stand 15 
min. Test the supernatant liquid with a few drops of saturated Pb acetate. If more 
precipitate forms, shake and allow to stand again; if no further precipitate forms, 
dilute to the mark with HjO, mix thoroly, and filter thru a dry filter. Add sufficient 
solid Na oxalate to the filtrate to precipitate all the Pb, and rcfilter thru a dry paper. 
Test the filtrate for the presence of Pb with a little solid Na oxalate. 

(2) Add double the minimum amount of saturated neutral Pb acetate soln that 
is required to cause complete precipitation, as found by testing a portion of the 
supernatant liquid with a few drops of dilute Na oxalate soln. After allowing the 
mixture to stand a few min. only, filter immediately into a beaker to which has 
been added an estimated excess of Na oxalate crystals. Allow the Pb precipitate to 
drain on the filter and wash with cold H2O until the filtrate no longer gives a precipi- 
tate in the oxalate soln. Excess of oxalate must be assured by testing with a drop of 
dilute Pb acetate soln. Filter off and wash the precipitated Pb oxalate, catching the 
filtrate and washings in a volumetric flask. Dilute to the mark with II2O and mix. 

REDUCING SUGARS 

43 Munson and Walker General Method — Tentative 

Proceed as directed under XXXIV, 36. 

Quisumhing and Thomas Method^ — Officialf First Action 

44 REAGENTS 

(a) Copper sulfate soln , — Wash crystals of C.P. CUSO4.5H2O free from dust, etc., 
with H2O, dissolve in hot H2O to make a saturated soln, and filter. Determine the 
Cu electrolytically and dilute the soln so that 25 cc of it will contain 525 mg of Cu 
or 41.2 g of CUSO4. 5H2O in 500 cc of soln. 

(b) Alkaline tartrate soZn.— Prepare a saturated soln of NaOH (purified by al- 
cohol) and let stand until the insoluble carbonates and other impurities have settled 
out several days. Siphon off the clear soln and establish its alkalinity by titration 
with standard acid. Dissolve 173 g of highest purity Rochelle salts in H2O in a 500 
cc graduated fia-sk and add the calculated quantity of NaOH soln so that 500 cc of 
this alkaline tartrate soln will contain exactly 65 g of NaOH. Make to the mark 
with HjO. 

45 DETERMINATION 

Measure exactly 25 cc each of the CuS04 and alkaline tartrate solns into a 400 cc 
Pyrex or Bohemian glass beaker, the diameter of which is about 9 cm. Add 50 cc of 
sugar soln containing preferably 50-150 mg of sugar. Cover the beaker ^with a 
watch-glass and place the beaker in a water bath which is maintained at 80°. After 
digesting exactly 30 min., filter the CU2O by suction thru a mat of asbestos in a 
Gooch crucible. Wash the precipitate with H2O. Determine the Cu by one of the 
methods below. Calculate the weight of sugar from the tables of Quisumbing and 
Thomas (XUI, 17). 

4(5 (a) Direct Weighing of Cuprous Oxide — Official^ First Action 

Proceed as directed under XXXIV, 39. 

47 (b) Volunietric Permanganate Method^^ Tentative 

Filter and wash the CujO as directed under 45. With the aid of a stirring rod 
transfer the asbestos mat and the C 112 O back into the beaker in which the reduction 
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took placeJ* Rinse the inside of the crucible and the lip of the beaker with 10 cc of 
a soln of 240:9, g of crystalline ferric (NIId 2 S 04 aijd 200 cc of HjSO^ dissolved in 
H 2 O and made up to 1 liter. Cool the diluted H 2 SO 4 before adding the salt. Receive 
the rinsings in the beaker containing the CuaO. Holding the crucible over the beaker, 
stir the contents of the beaker thoroly with the stirring rod until the CU 2 O has gone 
into soln. Wash the crucible with about 25 cc of hot HoO (80°), receiving the wash- 
ings in the beaker. Stir the contents of the beaker and then raise the beaker to see 
if any undissolved particles of CU 2 O are resting on the bottom. If any undissolved 
particles are present, press out each one with the point of the stirring rod until all 
have gone into soln. Add about 125 cc more of hot HoO, Add I drop of a soln of 
0.15 g of orthophenanthroline monohydrate and 0.07 g of ferrous sulfate in 10 ec 
of H 2 O. Titrate at once with continual stirring with 0.05 N lvMn 04 , (In a long 
titration it is best to add the indicator just before the end point is reached.) Stand- 
ardize the IvMn 04 as follows: Dry overnight about 0.5 g of Na oxalate (U. S. 
Bureau of Standards) in an oven at 100° and carefully weigh out into beakers 3 
samples of about 0.10-0.15 g each. Dissolve each sample in about 100 cc of H 2 O, 
add 5 cc of H 2 SO 4 (1+1), warm to 70° and titrate the KMn 04 against this soln, 
stirring the liquid vigorously and continuously. Subtract from the titration the 
excess KMn 04 needed to obtain the end point color as determined by matching the 
color in another beaker containing the same bulk of acid and hot HoO. The temp, 
of the soln should not be below 60° by the time the end point is reached. 1 cc of 
0.05 .V KMn 04 =^0.00335 g of Xa oxalate and 0.0031785 g of Cu, or 

g of Xa oxalate X94S.8 

nig of (ai per cc of KMnOi = — — — — — 

cc of KMn 04 

48 (c) Electrolijtic DeposUion from Sulfuric arui Xitric Acid 

Sol u t io m — Te ntnt ice 

Proceed a.s directed under XXXIV, 42. 

49 SUCROSE -TENTATIVE 

^a) Hydrochloric acid iurer.non 
Proceed as directed under XXVII, 30. 

''b) Invertosc Inversion 

When glueosidcs which are easily hydrolyzed hy HC'l are present, suerose may 
he inverted by invertase a.s directed under XXXIV, 21, The quantity of invert ase tn 
be used depend.s on it.s activity, but a large excess shouhl lie avoided liecause it causes 
difficulty in the filtration of the reduced Cu. 

STARCH - TENTATIVE 

50 Diastase Method uith Subsequent Acid Hydrolysis 

Proceed as directed under XXVII, 33. If the samjile has been previously extracted 
in a Soxhlet with hot alcohol, further extraction with alcohol and ether i.s unneces- 
sary. 

51 ETHER EXTRACT TENTATIVE 
Proceed as directed under XXVII, 22. 

52 CRUDE FIBER TENTATIVE 
Proceed as directed under XXVII, 27. 
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53 TOTAL NITROGEN 

Proceed as directed under 27. 

AMMONIA IN T0BACC02I— TENTATIVE 

54 REAGENTS 

(a) Ammonium sulfate stock soln, — Dissolve 2.358 g of pure salt in HjO and 
make up to 1000 cc. 2 cc = 1.0 mg of N. Preserve by adding a few drops of CHCIs. 

(b) Ammonium sulfate standard so^n.— Dilute 200 cc of (a) to 1000 cc; Icc =0.1 
mg of nitrogen. Preserve with CHCb. 

(c) Messier’s soln (Folin*).— Transfer 37.5 g of KI and 27.5 g of I to a 250 cc 
flask, and add 25.0 cc of H 2 O and 35-40 g of Hg. Shake the flask continuously and 
vigorously for 7-15 min., or until nearly all the dissolved I has disappeared. (The 
soln becomes hot.) When the red I soln has begun to pale visibly, though still red, 
cool in running H 2 O, and continue the shaking until the reddish color of the I has 
been replaced by the greenish color of the double iodide. (This whole operation 
should not take more than 15 min.) Separate the soln from the surplus Ilg by de- 
cantation and washing with liberal quantities of H 2 O. Dilute the soln and washings 
to 500 cc. If the cooling was begun in time, the resulting concentrated soln of the 
double iodide is clear enough for immediate dilution with 10% NaOH and H 2 O and 
the finished Nessler’s reagent can be used at once. Place 700 cc of 10% NaOH soln 
in a 1 liter flask, add 150 cc of the clear concentrated soln of the double iodide, mix, 
and dilute to 1 liter with H 2 O. Allow to settle if a turbidity develops. 

(d) Permutit (Folin*). — Pass through sieves and reject material smaller than 
80-mcsh and larger than 60-mesh. Wash copiously with HoO by decantation until 
the whole settles rapidly and contributes no more dust or turbidity to the H 2 O. 
Dry in a current of air in a thin layer without heating. For recovery of permutit 
after use, see Folia’s manual.* 

55 DETERMINATION 

Transfer an accurately weighed 0.5 g sample of dry finely powdered tobacco to 
a 300 cc Kjeldahl flask; add 25-30 cc of H 2 O, a small piece of paraffin, a few angular 
quartz pebbles, and 2-2.5 g of light MgO. Prepare a stopper to fit the Kjeldahl flask 
with a piece of 9 mm outside diameter glass tubing bent around thru 180°, the 
short limb of the bend inserted thru the stopper and the longer limb reaching 
to the level of the desk as the flask is held in a clamp over a micro burner. (Greater 
convenience is obtained if the longer limb is cut and joined again by a short length 
of rubber tubing at a point about 15 cm from the lower end.) Connect the distillation 
tube so prepared to the flask and dip the lower end into a short wide test tube 
(50 cc centrifuge tube) that contains 5 cc of 0.1 iV HCl and a few drops of methyl 
red indicator, II, 19(i). Heat the contents of the flask with a micro burner at such 
a rate that steam begins to rise from the receiver in about 3 min. Make no effort to 
cool the distillation tube or receiver. Distil for 5 min., counting the time from the 
point at which the distillate first runs down the tube; remove the tube and wash 
the end into the receiver with a few drops of H 2 O; cool the distillate and dilute to 
50 cc. Charge several 100 cc volumetric flasks with 2. 5-3.0 g of the washed and dried 
permutit and wash each several times by decantation with H 2 O. Transfer to three 
of the flasks 3 cc of 0.1 M HCl and portions of the standard (NH 4 ) 2 S 04 soln (b) 
containing 0.3, 0.5, and 1.0 mg of N, respectively. Add sufficient H 2 O to each flask 

• Laboratory Manual of Biological Chemistry, New Vork, 4th ed., p. 293 (1926). The reagent prepared 
by the usual procedure is, however, equally satisfactory. 
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to make a total volume of 25 cc. Transfer a 25 cc aliquot of the distillate from each 
determination to a flask containing permutit. Shake all the flasks for 5 min. with a 
gentle rotatory motion and lay them on their sides on a suitable support for 1 min.; 
decant the fluid from each flask and wash the permutit by decantation 3 times suc- 
cessively with 10-30 cc of H2O, allowing the soln to settle for 1 min, before each de- 
cantation. Rinse the permutit to the bottom of each flask with 5 cc of H2O, add 1 cc 
of 10% NaOH soln, and rotate for 3 min.; add 65 cc of H2O, rotate, and add 10 cc 
of the Nessler reagent. Dilute to the mark, mix, and compare in a colorimeter the 
color of the soln derived from each determination with the known standard that 
most nearly matches it. (The color is stable for several hours.) Calculate the 
ammonia nitrogen as percentage of the sample of tobacco used. 

FREE NICOTINE IN TOBACCO* 2 — TENTATIVE 
56 detekmination 

Mix approximately 2.5 g of dry powdered tobacco with 50 cc of H2O, Stir for 
5-10 min., allow to settle, and decant the necessary quantity into the cell of a 
quinhydrone or hydrogen electrode. Determine the pH value with an accuracy of 
0.1 unit. Construct a curve by plotting the data in the following table on a con- 
veniently large scale. Read the percentage of free nicotine from this curve at a 
point corresponding to the pH found and report as percentage of the total nicotine 
in the free form. 


,E NTCOTINT. 

pH 

rKEB NICOTINE 

pH 

per cent 


per tent 


1 

6.11 

50 

8.11 

2 

6.42 

55 

8.20 

5 

6.86 

60 

8.29 

10 

7.15 

6.5 

8.37 

15 

7.36 

70 

8.48 

20 

7.51 

75 

8.59 

25 

7.63 

80 

8.71 

30 

7.74 

8.5 

8.86 

35 

7.85 

90 

9.06 

40 

7.93 

95 

9.39 

45 

8.02 




NITRATE NITROGEN^ -TENTATIVE 
(Applicable to tobacco and other plant tissues.) 

58 REAGENTS 

(a) Sulfuric acid soln. — 4 Ah Prepared from C.P. special reagent low in N. 

(b) Sulfuric acid soln. — 18 .V. Prepared from (J.P. special reagent low in N. 

(c) Reduced iron pou'der. — Determine the titration value of the ammonia in the 
powder by boiling 3.0 g of it with 50 cc of 4 N H3SO4 for 5 min., cooling, making 
alkaline with NaOH, distilling into 0.1 N acid, and titrating with 0.1 N alkali to 
methyl red. Divide by 10 to obtain the correction to be used with the 0.3 g of 
powder used in the method. 

(d) Ammonium sulfate stock soln. — Dissolve 2.358 g of pure salt in HjO and make 
up to 1000 cc; 2 cc = l,0 mg of N. Add no preservative. 

(e) Ammonium sulfate standard soln. — Dilute 200 cc of (d) to 1000 cc; 1 cc=0.1 
mg of N. 

<'f) Diphenylamine soln. — Suspend 0.5 g of diphenylamine in 20 cc of HjD and 
add HjSOi to make 100 cc. Cool and pr^erve in a dark bottle. 
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59 . DETERMINATION 

Ascertain the quantity of 4 N” H 2 SO 4 required to bring a 2 g sample of the dried 
and powdered tissue to approximately pH 1.0 as follows: Weigh out 0.5 g, stir 
in a small beaker with 1 cc of 4 A/" acid, add enough H 2 O to make a thin paste that 
can be transferred to the electrode vessel, add quinhydrone, and determine the 
reaction at the potentiometer. Make suitable changes in the quantity of acid added 
to a second 0.5 g sample, as suggested by the result of the first test, and repeat the 
determination. Continue until the quantity required to give a reaction in the range 
pH 0 . 7-0.9 has been found. Multiply this quantity by 4 to obtain the amount 
required by the 2 g sample used for the nitrate determination . 

Weigh duplicate 2 g samples of the powder, mix each in a beaker with the re- 
quired quantity of 4 A H 2 SO 4 until a uniform stiff paste is obtained; add 3.5 g of 
pure asbestos fiber to each and incorporate thoroly. Transfer the mixtures to 26 X60 
mm paper extraction thimbles by means of a glass funnel about 11 cm long, the 
upper part of which is a cylinder 4.5 cm in diameter, the lower a cylinder 2 cm in 
diameter. The transfer is accomplished as follows: Support the thimble in a wire cage 
hung in the mouth of a 400 cc conical extraction flask and clamp the funnel in posi- 
tion over it so that the smaller end extends about 1 cm into the thimble. Push most 
of the asbestos mixture into the thimble with a glass rod; brush off beaker, funnel, 
and rod; and wipe off all particles with a small piece of surgical cotton. Finally rinse 
the glassware and brush into the thimble with alcohol-free ether. Remove the funnel 
and plug the end of the thimble with the cotton used to wipe the apparatus. Place 
the thimble in the siphon tube of the ether extraction apparatus (type designed 
for rubber analysis), thrust a short slim glass rod between the thimble and the glass 
in order to hold the paper away from the glass wall at one side, and suspend the 
siphon tube close under the metal coil condenser of the apparatus by means of a 
fine galvanized iron wire. Place 150-200 cc of alcohol-free ether in the conical flask. 
(Jut a gasket from soft cardboard to fit the recess in the plate of the metal condenser 
and set the condenser, with attached siphon tube, on the extraction flask and hold 
it firmly in position by means of three spring paper clips. 

Place the extraction flasks on an electric hot plate, add a few angular quartz 
pebbles, and allow the extraction to proceed at least 8 hours at a siphoning rate of 
about 40 times per hour. (If the rate is less a correspondingly longer time must be 
allowed.) To test for the completeness of the removal of the HNO3 prepare a con-, 
centrated water extract of the residue in the thimble and overlay 5 cc of the di- 
phenylamine reagent in a test tube with a few cc of this extract. (The appearance 
of a blue layer at the junction of the two solus indicates that the extraction of the 
HNOj by the ether has been incomplete.) 

Treat each ether extract with 25 cc of H 2 O, add 2 drops of phenolphthalein, and 
make faintly alkaline with 0.5 N NaOH with continual agitation. Immerse the flask 
in a water bath and evaporate off the ether very slowly to avoid frothing; make 
the aqueous soln to 100 cc and transfer an aliquot (10 cc or more, depending on the 
nitrate content of the tissue) to a 300 cc Kjeldahl flask. Add 2.5 cc of the 18 N 
lUSOi and 0.3 g of the reduced iron powder. Boil gently for 5 min., cool, add 20 cc 
of H 2 O and 10 cc of ammonia-free concentrated NaOH. Immediately fit the flask 
with a Folin and Wright distillation tube and distil as directed under 55, into 3 cc 
of O.l iV HCl contained in a test tube. Transfer the distillate to a 100 ipc fla,sk, dilute 
to about 60 cc with ammonia-free H 2 O, add 10 cc of the Nessler’s soln, agitate, and 
• make to volume. Prepare standard ammonia solns by pipetting 3-15 cc of the 
(NH 4 ) 2 S 04 standard soln into 100 cc flasks^ (0.3-1.5 mg ammonia nitrogen), dilute, 
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add 10 cc of Nessler’s soln, agitate, and make to volume. Read the color of the Boln 
derived from the analysis in a colorimeter against nearest standard. Calculate the 
quantity of N in the aliquot used for reduction, subtract the blank for the am- 
monia nitrogen found in the 0.3 g of iron powder used, and calculate the nitrate 
nitrogen in the 2.00 g sample taken. Express the final result as percentage of the 
dry tissue. 

If the nitrate content of the tissue is 0.1% or less, it is desirable to carry out a 
blank determination on the alkaline soln of the ether extract. To do this proceed 
as follows: 

Transfer an aliquot of the alkaline soln equal to that used for the determination 
to a 300 cc Kjeldahl flask, add 2.5 cc of the 18 .Y II2SO4, boil gently for 5 min., 
cool, add 20 cc of H2O and 10 cc of 0.5 NaOH soln, and distil as already described. 
Transfer the distillate to a 25 cc volumetric flask, dilute to 15 cc, add 2.5 cc of 
Nessler^s soln, agitate, and make to volume. Compare with ammonia standards of 
0.05-0.10 mg. Deduct the quantity of ammonia nitrogen found from the quantity 
found after reduction with the iron powder, correct the result for the blank due to 
the iron powder, and calculate the nitrate nitrogen as before. 

To determine the nitrate content of extracts from plant tissue proceed as follows: 

Transfer an aliquot of the extract approximately equivalent to 2 g of dry tissue 
to an evaporating dish, make neutral to Congo red if necessary', and evaporate to 
a sirup (it must not be evaporated to dryness). Cool, and add the quantity of the 
4 X H2SO4 found by a separate experiment to be required to produce a reaction 
ill the range pH 0.7-0. 9; add 3.5 g of asbestos, and mix thoroly. If the mixture is 
too moist to be transferred to the extraction thimble, dry it in a vacuum desiccator 
until this can be done. Proceed with the extraction as already described. 

LIGNIN^^—TENTATIVE 

60 PHEPARATION OF SAMPLE 

Grind the plant material in a mill to pass thru an 80-mesh sieve, and dry at 105^. 
Extract a weighed sample (5-10 g) for 30 hours in a Soxhlet apparatu.s with an 
alcohol-benzene soln (32 parts by weight of 95% ethanol and 08 parts by weight 
of benzene). Dry the material in an oven to free it from the alcohol-benzene soln 
and place in a flask of suitable size. Add HuO in the proportion of 150 cc to I g of 
sample, and boil the mixture under a reflux condenser for 3 hours. P'ilter the mixture 
while still hot, preferably thru a weigherl sintered-gla.ss crucible, and transfer 
the extracted material to a flask. Add a 1 % H('l soln in the proportion of 150 cc of 
acid soln to 1 g of plant material, and boil under a reflux condenser for 3 hours. 
Filter the mixture while still hot thru the sintered-glass crucible u.sed in the previous 
operation, wash with H2O until free of acid, dry at 105^, and weigh. Galculate the 
percentage total loss due to the successive extraction with the alcohol-benzene soln, 
hot H2O, and the 1% HCl. (In substances not especially rich in carbohydrates and 
proteins, the extraction with hot HjO may he omitted.) 

61 APPARATUS 

The apparatus required is illustrated in Fig. 16. It consists of a bottle (A) having 
a capacity of 1500 cc and containing approximately 500 cc of H28O4. Attached to 
A by means a two-holed rubber stopper is a 250 cc dropping funnel (('), having 
the lower end of its stem bent as illustrated, containing IH'l. By means of stopcock 
B, allow the HCl to flow into the H2SO4, and dry the H(’l gas thus generated by 
passage thru the H2SO4 in D. The lowef end of the stem of C must be close to the 
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bottom of A, as shown in the drawing. Place the weighed sample and the fuming 
HCl in a Pyrex test tube 300 mm long and 38 mm in diameter (G). By means of 
the device 0, connect G in parallel to two other tubes, G' and G" (see top view), 
having the same dimensions as G, and provide G, G', and G"' with two-holed rubber 
stoppers. Thru one hole pass a glass tube having a right-angled bend nearly to 
the bottom of the large test tube (F, F', and F''). Thru the other hole insert 
another tube having a right-angled bend, which extends about 10 mm into the 
large test tube. K is a bottle containing H2O for the absorption of the excess HCl 
gas that passes thru device P and tube J. Regulate the flow of HCl gas thru 
the three large test tubes by means of the stopcocks shown in the top view. Place 





c 


B 




A 




FIG. lf>— APPARATUS FOR DKTKRMINATION OF LIGNIN 


G, Gb and G'" in the wooden box L, provided with supports for the tubes and also 
with a drain (M) for the removal of the HoO. Surround the large test tubes G, G', 
and G" in Ti with crushed ice (H). 

62 REAGENT 

Fuming hydrochloric acid . — Density 1.212-1.223 at 15®. Prepare as follows: To 
500 g of NaCI contained in a liter Pyrex distilling flask provided with a ground-glass 
stopper, add a cold soln of 250 cc of H2O in 450 cc of H2SO4. Connect the side tube 
of the distilling flask to a gla.ss tube which passes thru a H2SO4 wash bottle. Con- 
nect the outlet tube of the H2S04 wash bottle to another glass tube which is im- 
mersed in a flask containing 3 liters of HCl. Surround the flask containing the 
HCl with crushed ice. Heat the distilling flask with a small flame and pass the HCl 
gas into the acid soln until it attains the sp. gr. 1.212-1.223 at 15®. Keep the reagent 
in a refrigerating room maintained at a temp, of 0® or below. If, only a few deter- 
minations are to be made, a correspondingly smaller quantity should he prepared. 
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63 DETERMINATION 

Weigh out three 1 g samples of the extracted and dried material in a weighing 
bottle and place in the three large test tubes, G, G', and G". Add 20 cc of the 
reagent to each tube, taking care to wash down with this acid any particles clinging 
to the sides. When all the material is wetted with the reagent, add another portion 
(30 cc). Add about 3 drops of capryl alcohol to reduce the foaming to a minimum 
during the subsequent passage of the HGl gas thru the reaction mixture. Place 
the three large test tubes, G, G^, and G'^ in the wooden box (L) and surround with 
crushed ice. Lubricate tubes F, F^, and F^' with a drop of glycerol so that they 
move easily thru the holes in the rubber stoppers. Then lead the dry HCl gas 
from the generator into the reaction mixtures thru the tubes F, F', and F'' (F' 
and F'' are shown in top view), which reach nearly to the bottom of the tubes 
G, G', and G". Regulate the flow of the gas thru the reaction mixtures in G, G^ 
and by means of the stopcocks shown in the top view, continuing the passage 
of the gas for 2 hours. (At first a rather slow stream of gas passes in, but during the 
last 15 min. the flow is fairly rapid.) At the end of the reaction period discontinue 
the flow of the gas, and disconnect the long tubes F, F', and F'' and the outlet tubes 
of the three test tubes G, G^ and G" from 0 and P. (The tubes F, F', and F"are 
pulled up just above the surface of the reaction mixture and are closed by means of 
short pieces of rubber tubing having one end plugged with a short piece of glass 
rod.) Similarly close off the outlet tube N and the outlet tubes of G' and G''. Place 
the tubes containing the reaction mixture in a cold room or ice box (temp. +8®- 
4-10°) and allow to remain there for 24 hours. Transfer the contents of the tubes 
G, G^, and G'' to 1 liter Erlenmeyer flasks, taking care to remove any material ad- 
hering either on the inside or outside of the tubes F, F\ and F". Dilute the reaction 
mixtures with H 2 O to a volume of 500 cc. Connect the flasks to reflux condensers 
and boil for 1 hour. Prepare three Gooch crucibles in the usual manner, dry at 105®, 
and weigh. Ignite one of the weighed crucibles, A, on a Bunsen burner, cool in a 
desiccator, and reweigh. Allow the contents of the flasks to cool to room temp, 
and filter thru weighed Gooch crucibles. Wash the precipitates collected in the Gooch 
crucibles with hot HjO, dry at 105°, and weigh in a weighing bottle. Ignite the 
crude lignin in crucible A over a Bunsen flame and determine the weight of ash. 
Place one of the other two Gooch crucibles in a Kjeldahl flask provided with a wide 
neck, and determine the percentage of nitrogen in the crude lignin as directed in 
n, 25. If it is desired to determine the percentage of methoxyl in the lignin, collect 
the precipitate from one of the flasks in a dried (105°) sintered glass crucible. Com- 
pute the weight of lignin in the sample as follows: W eighti of lignin — weight of crude 
lignin — weight of ash — weight of crude protein (X Xfl.25). Calculate the percentage 
of lignin in the original dry unextracted material, 
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XIII. BEVERAGES (NON-ALCOHOLIC) AND CONCENTRATES 

1 PRELIMINARY EXAMINATION 

Note and record (a) appearance, whether bright or turbid, or any sediment; 
(b) color and depth of color; (c) odor, whether fruity, foreign, or artificial; (d) taste, 
whether tart or sweet, fruity, artificial or foreign, and whether any synthetic sub- 
stance can be identified by odor or taste. 

2 SPECIFIC GRAVITY— OFFICIAL 
Proceed as directed under XIV, 3. 

3 ALCOHOL— OFFICIAL 
Proceed as directed under XIV, 5. 

4 TOTAL ACIDITY— OFFICIAL 
Proceed as directed under XVI, 41. 

CHARACTERISTIC ACIDS 

5 PRELIMINARY PROCEDURE 

(a) Alcoholic products. — Proceed as directed under XVI, 42. 

(b) X on-alcoholic products. — Measure out a volume of sample that contains not 
more than 30 g of solid matter and not more than 200 mg of the acid to be deter- 
mined as calculated from the acidity. Evaporate to 30 cc if necessary, add 3 cc of 
1 -V H 2 SO 4 , and transfer to a 250 cc volumetric flask, using 10 cc of HoQ and sufii- 
cient 95% alcohol to fill the flask to the mark. Mix, and allow to stand 15 min. 
Filter thru a thin layer of absorbent cotton, protecting the liquid against evapora- 
tion. Transfer 200 cc of the filtrate to a centrifuge bottle and proceed with the de- 
termination of the acid as directed below. 

6 TARTARIC ACID— TENTATIVE 

Using the material in the centrifuge bottle, proceed as directed under XXVI, 26. 

7 CITRIC ACID— TENTATIVE 

Using the material in the centrifuge bottle, proceed as directed under XXVI, 31. 

8 MALIC ACID— TENTATIVE 

U.sing the material in the centrifuge bottle, proceed as directed under XXVI, 32. 

9 VOLATILE ACIDS -OFFICIAL 

Proceed as directed under XV, 23. 

10 ESTERS— OFFICIAL 
Proceed as directed under XVI, 9. 

11 TOTAL SOLIDS -OFFICIAL » 

Proceed as directed under XXXIV, 3 or 4. 

SUCROSE 

12 Hy Polarization — OJlfLcial 

Determine by polarizing before and after inversion as directed under XXXIV, 
22, 23 or 25. 
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13 By Reducing Sugars Before and After Inversion — Official 
Proceed as directed under XXXIV, 28. 

14 REDUCING SUGARS—OFFICIAL 

Proceed as directed under XXXIV, 37, and express the results as invert sugar. 

15 COMMERCIAL GLUCOSE— OFFICIAL 
Proceed as directed under XXXIV, 30. 

16 ASH— OFFICIAL 
Proceed as directed under XXXIV, 8 or 9. 

17 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 
Proceed as directed under XXXIV, 12 . 

18 ALKALINITY OF SOLUBLE ASH— OFFICIAL 
Proceed as directed under XXXI V, 13. 

19 ALKALINITY OF INSOLUBLE ASH— OFFICIAL 
Procee(J as directed under XXXIV, 14. 

20 ANALYSIS OF THE ASH— OFFICIAL 
Proceed as directed under XII and XXVI. 

21 PRESERVATIVES— OFFICIAL 
Proceed as rlirected under XXXII. 

22 COLORING MATTERS— TENTATIVE 
Proceed as directed under XXI, 2 and 8—25 inc. 

23 METALS— TENTATIVE 
Proceed as directed under XXIX. 

ANTHRANILIC ACID ESTER 

('olnri metric Method^ — Official 

( d'se when the sample contains less than 500 mg per liter.) 


24 REAGENTS 

(a) If ydrochioric acid Dilute 83 cc of HCl to 1 liter with H 2 O. 

(b) Sodium nitrite soln . — Dissolve 2 g of NaN02 in 100 cc of H 2 O. 

fc) Hydrazine sulfate soln . — Dissolve approximately 3 g of N 2 H 4 . 11280 ^ in 100 cc 

of H 2 O. 

(d) Sodium-a-naphthol-2-sulforuUe sofa— Dissolve 5 g of the sulfonate in 100 cc 
of FI.O. 

(e) Sodium carbonate sohn— Dissolve 25 g of Na 2 CO» in 75 cc of HgO. 

(f) Staridard soln of methyl anthranilate.—BisaoWe 0.25 g of methyl anthranilate 
in 60 cc of 95% (by volume) alcohol and dilute with HjO to 250 cc. 
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25 APPARATUS 

(a) Sttam generator filled nnth H 2 O. — 'An oil can holding 1 gallon will serve the 
purpose. 

(b) Distillation flask. — Kjeldahl flask of about 750 cc capacity, with shortened 
neck, about 10 inches in height over all, 

(c) Spray tube. — Glass tube with a small perforated bulb at the end. Passes 
thru a rubber stopper and reaches to the bottom of the distillation flask. 

(d) Connecting bulb. — Kjeldahl bulb with bent connecting tube. 

(e) Worm condenser. — Having a water jacket 10-12 inches long. The outlet tube 
is extended to reach into the bottom of the receiving flask. 

(f) Recewing fiask. — 500 cc Erlenmeyer flask. 

26 DETERMINATION 

Place enough H 2 O in the receiving flask to just cover or seal the end of the ex- 
tended condenser tube. Place 10-100 cc of the sample of flavor in the distillation 
flask; add, if necessary, sufficient II 2 O to make the volume 100 cc; insert the stopper 
carrying the spray tube and connecting bulb; and connect with the condenser and 
receiving fiask. Immerse the distillation flask in a water bath to the level of the con- 
tents, and when the sample has attained the temp, of the nearly boiling bath connect 
with the steam generator and pass a rapid current of steam thru the sample until 
about 300 cc of distillate has been collected. 

Disconnect the apparatus and wash out the condenser with a little H 2 O. Add to 
the distillate 25 cc of the HCI soln and 2 cc of the NaN02 soln, mix well, and let 
stand for exactly 2 min. Add 6 cc of the NoH^.HsSO* soln and mix well for a min., 
so that the liquid comes in contact with all parts of the flask that may have been 
touched by the soln when it contained free nitrous acid. Keep the liquid in the 
flask in rapid motion, add quickly 5 cc of the Na-a!-naphthol-2-sulfonate soln, and 
then add immediately 15 cc of the Na 2 C 03 soln. Dilute the colored soln to 500 cc 
with H 2 O, mix, and compare the color of an aliquot with the color of a standard or 
set of standards, prepared as nearly as possible at the same time. Calculate and 
express results as mg of anthranilic acid ester, as methyl anthranilate, per liter of 
sample. 

Gravimetric Method* — Ojficial 

(Use when the sample contains 500 mg or more per liter.) 

27 REAGENTS 

(a) Hydrochloric add soln. — Dilute 83 cc of HCI to 1 liter with H 2 O. 

(b) Sodium nitrite soln. — Dissolve 2 g of NaN02 in 100 cc of H20. 

fc) a~napkthol so^n.— Dissolve 0.2 g of a-naphthol in 100 cc of 30% (by volume) 
alcohol. 

(d) Sodium bicarbonate soln. — Dissolve 8.4 g of \aHCO 3 in 100 cc of H 2 O. 

28 APPARATUS 

Use the apparatus described under 25. 

29 DETERMINATION 

Place in the distillation flask a quantity of the sample of flavor that contains from 
50-125 mg of anthranilic acid ester and dilute, if necessary, to 100 cc with IIjO. 
Subject the sample to steam distillation as directed in 23, collecting about 400 cc 
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of distillate. Have the HjO in the bath near the boiling point when the bath is 
placed under the distillation flask, also have the H 2 O in the steam generator boiling, 
and make the connection immediately. 

Wash out the condenser with a little H 2 O and dilute the distillate to 500 cc. Mix, 
and to a 200 cc aliquot add 5 cc of the HCI soln, and 5 cc of the NaNOa soln. 
Mix well and let stand for 1 min. Mix 25 cc of the a-naphthol soln and 6 cc of the 
NaHCOa soln, pour the diazotized soln into the mixture, and let stand for 10 min. 
Fold two Whatman No. 1 or S. & S. No. 595 filter papers, 12.5 cm in diameter, and 
determine the difference in their weights by placing one on each pan of the balance 
and counterpoising with added weights. Place the heavier inside the lighter paper, 
fit into a funnel, and moisten. Pour the mixture thru this filter and wash the pre- 
cipitate 7 or 8 times, using a total of about 100 cc of H 2 O for this purpose. Fill the 
filter only^to within 1 cm of the top. Place the funnel carrying the filter and w^ashed 
precipitate in an oven, and dry for about 10 min. at a temp, of 100^ Then separate 
the filter papers and dry them for about 1 hour at the same temp. Ascertain the dif- 
ference in weights, dry again, weigh again, and repeat this procedure until the differ- 
ence in weights remains constant. From this constant difference in weights subtract 
the original difference in weights of the 2 filter papers and multiply the result by 
0-4935 to obtain the weight of anthranilic acid ester, as methyl anthranilate. Calcu- 
late and express as grams per liter of sample. 

30 BENZALDEHYDEJ--TENTATIVE 

Measure into a distilling flask 500 cc of the beverage, 100 cc of flavoring sirup, or 
10-26 cc of flavor; add 22 cc of alcohol, and in the case of the flavor, about 200 cc of 
H 2 O, and proceed as directed in XVI, 55. 

31 GAMMA UNDECALACTONE^— TENTATIVE 

Proceed as directed under XVI, 47, using 500 cc of beverage, 100 cc of flavoring 
sirup, or 10-50 cc of flavor. 

SELECTED REFERENCES 
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BREWING MATERIALS 


I. BEER 

(Unless otherwise directed express results as g per 100 g.) 

1 PREPARATION OF SAMPLE— OFFICIAL 

Remove CO2 by transferring the sample to a large flask and shaking gently at 
first and then vigorously, or by pouring back and forth between beakers, preferably 
brass, nickel, or copper (tin lined), and do not allow the temp, of the beer to fall 
below 20°. Eliminate the foam by passing the COa-free beer thru a dry filter paper. 


2 COLOR -TENTATIVE 

Determine the depth of color of the sample in a | inch cell with a Lovibond 
tintometer, using Series 52 slide. Express the result in terms of a ^ inch cell. Use the 
standard daylight lamp, 45. 


3 


SPECIFIC GRAVITY— OFFICIAL 


Determine the sp. gr. at 20/20° (in air) by means of a pycnometer as follows: 
Carefully clean the pycnometer by filling witli a saturated soln of CrOj in H2SO4, 
allowing to stand for several hours, emptying, and rinsing thoroly witli II jO. Fill 
the pycnometer with recently boiled H2O previously cooled to 2 4° l)elow the de- 
sired temp., place in a water bath cooled to the same temp., and allow the bath to 
warm slowly to the desired temp. Adjust the level of the H2O to the proper point 
on the pycnometer; put the perforated cap or stopper in place, remove the pycnom- 
eter from the bath, wipe dry with a clean cloth, and after allowing to stand for 
15-20 min., weigh. Empty, rinse several times with alcohol, and then with ether, 
remove the ether fumes, allow the pycnometer to become perfectly dry, and weigh. 
Ascertain the weight of contained H2O at the desired temp, in air (W of the formula 
below) by subtracting the weight of the empty pycnometer from its weigld when 
full. Cool the sample to 2-4° below the desired temp., till the i)ycnoineter, adjust 
the level of the liquid to the proper point on the pycnometer at the ile.sired temp., 
put the perforated cap or stopper in jilace, wipe dry, and weigh as before. Ascertain 
the weight of the contained sample at the de.<ired temp, in air (S of the formula 
below) by subtracting the weight of the empty pycnometer from its weight when 
filled with the sample. Sp. gr.= Weight of contained beer ^Weight of contained 
water. Use the Plato table, 3, XLII, to ascertain ap])arent extract or saccharometer 
indication. Calculate the sp. gr. in vacuo, if desired, by the following forrnuhi: 


^,_*S+0.00105ir 
+0.00105 Ik' 


in which 


(j = corrected sp. gr. of sample at the de.sired temp, in vacuo; 
W = weight of contained H20 at the de.sired terrij). in air; and 
.S' — weight of contained sample at the desired temp, in air. 


4 APPARENT EXTRACT OR SACC HARO METRIC INDICATION* TENTATIVE 

From the Plato table, 3, XLII, ascertain the api>arent extract corresponding to the 
sp. gr. determined at 20/20°. 
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5 ALCOHOL- OFFICIAL 

(a) By volume, — Measure 100 cc of the liquid into a 300 500 cc distillation flask, 
noting the temp., and add 50 cc of H 2 O. Attach the flask to a vertical condenser by 
means of a bent tube, distil almost 100 cc, and make to a volume of 100 cc at the 
same temp. Determine the sp. gr. of the distillate as directed under 3, at room temp, 
if desired, and obtain the corresponding percentage of alcohol by volume from 
Table 19, XLII. 

(b) By weight, — From Table 21, XLII, obtain the % alcohol by weight in the dis- 
tillate corresponding to the % alcohol by volume and divide by the sp. gr. 

(c) By immersion refraciometer. — ■Verify the percentages of alcohol, as determined 
under (a) and (b), by ascertaining the immersion refractometer reading of the dis- 
tillate and obtaining the corresponding percentages of alcohol from Table 20, XLII. 

6 REAL EXTRACT— OFFICIAL 

Calculate the sp. gr. of the dealcoholized beer by the following formula: 

S=G bl— A, in which 

S = the sp. gr. of the dealcoholized beer; 

G =the sp. gr. of the beer; and 

A =the sp. gr. of the distillate obtained in the determination of alcohol, 5. 

From Table 3, XLII, a.^^certnin the percentage by weight of extract in the de- 
alcoholized beer corresponding to the value of S. The figure thus obtained X S = the 
grams of extract per 100 cc of beer. 


7 


REAL EXTRACT— TENTATIVE 


fa) Evaporate on the water bath or asbestos plate 75-100 cc of sample (accurately 
weighed to within 0.1 g) to about y of its original volume, but do not allow the temp, 
to exceed 80", Cool, make up to original weight with H 2 O and determine sp. gr, 
with a pycnometer at 20/20''. (If too much H 2 O has been added, the sp. gr. will be 
proportionately too low, and a correction must be made.) Ascertain the real extract 
directly from the Plato table, 3, XLII. 

(b) Immersion refractometer reading of the beer at 20° minus the refractometer 
reading of the di.stillate at 20° XO. 2571 =the grams of extract in 100 cc of beer. 

(c) If no anti-foam material was used in the determination of alcohol, 5, transfer 
the residue quantitatively with hot HoO to a 100 cc flask. Cool, and make up to 
100 cc at 20°. Determine the sp. gr. at 20/20°, 3, and ascertain the extract direct 
from the Plato tal)le, 3, XLII. If 100 cc of beer was taken, make the following cor- 
rection: 


Extract found X- 


sp. gr. of dealcoholized beer 
sp. gr. of beer 


= g of extract in 100 g of beer. 


8 EXTRACT OF ORIGINAL WORT— TENTATIVE 

Calculate from tlie following formula: 

d X2. 0605 -b£X 100 . , . , 

in which 

100 + (.1X1.0665) 

0- Extract of original wort 

A = % alcohol by weight (g per 100 g of beer); and 
/?==real extract, 6. 
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9 REAL DEGREE OF FERMENTATION OR REAL ATTENUATION-TENTATIVE 

Calculate as follows: 

Oris;, ext. — real ext. 

H ^ XlOO, 

Orig. ext. 

10 TOTAL ACIDI— TENTATIVE 

To 25 cc of beer heated to 40° to remove CO2, add about 1 cc of phenolphthalein 
indicator soln. Titrate immediately with 0.1 A" alkali. With dark beers, dilute with 
H2O. Express the results as lactic acid, g per 100 cc; 1 cc of 0.1 N alkali =0,0090 g 
of lactic acid. 

11 VOLATILE ACIDS— OFFICIAL 

Using 100 cc of beer, proceed as directed under XV, 24. Express the result as acetic 
acid, g per 100 cc. 

12 REDUCING SUGARS— OFFICIAL 

Dilute 25 cc of the prepared sample, 1, measured at 20®, to 100 cc with H2O at 
the same temp. Determine the reducing sugars in 25 cc of this soln as directed under 
XXXIV, 31 or 36. Express the result as grams of maltose per 100 cc of beer. 

13 DEXTRIN— TENTATIVE 

To 50 cc of the prepared sample, 1, measured at 20®, in an Erlenmeyer flask, add 
15 cc of HCl (sp. gr. 1.125) and dilute to 200 cc. Attach the flask to a reflux con- 
denser, and keep in a boiling water bath for 2 hours, (’ool, nearly neutralize with 
NaOH, make up to a volume of 250 cc, filter, and determine dextrose as directed 
under XXXIV, 46 or 48. From the number of g of dextrose jier 100 cc of beer, sub- 
tract 1.053 times the quantity of maltose, 12, and multiply the remainder by 0.9. 
The result is the number of g of dextrine per 100 cc of beer, 

14 DIRECT POLARIZATION— TENTATIVE 

Read the polarization of the original sample in ®Ventzke in <a 200 mm tuV)e at 20®. 
If the beer is turbid, clarify by shaking with alumina cream, filter, and correct the 
reading for dilution. 

15 GLYCEROL— OFFICIAL 
Proceed as directed under XV, 6. 

16 ASH— OFFICIAL 

Evaporate to dryness 50 cc of the prepared sample, I, measured at 20®, and pro- 
ceed as directed under XXVII, 8. 

17 PHOSPHORIC ACID— OFFICIAL 

To 50 cc of the prepared sample, 1, measured at 20®, add 20 cc of 2% (’a acetate 
soln, evaporate to dryness, and ignite at low redness to a white ash. Add 10-15 cc 
of boiling HNO3 (1+9) and determine P2O5 a.s directed under II, 12. 

18 PROTEIN— OFFICIAL 

To 25 cc of the prepared sample, 1, at 20® in a Kjeldahl digestion flask, add 2 3 
cc of H2SO4 (1+1) and evaporate to dryness. Determine N as directed under II, 
21, 23 or 25. Multiply the result by G.25 to calculate the percentage of protein. 
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CARBON DIO XtDE^— TENTATIVE 
REAGENTS 

Sulfuric ad(^— Approximately 2.25 N. Standardize with 4-6 g of anhydrous 
NaaCOa dissolved in 200 cc of H 2 O. Titrate to phenolphthalein and methyl orange 
end points. Use the difference between these two end points to calculate the titer of 
the acid (about 0.1 g of CO 2 per cc). 

(b) Pyrex distilling head. 

Have all apparatus set up ready for immediate use. 


20 


DETERMINATION 


Remove the label and weigh the sample bottle. Cool the bottle and contents to 
0 ® in a refrigerator or in chopped ice and allow to stand at rest overnight at this 
temp. 

Avoid shaking when removing the bottle from the refrigerator or chopped ice. 
Remove the crown and immediately add 0 . 1 - 0.2 g of infusorial earth and 1-2 cc of 
hexyl alcohol or capryl alcohol. Quickly insert a rubber stopper provided with a dis- 
tilling head, the outlet end of which is provided with a rubber connection closed 
with a screw clamp. Clamp the bottle in position in an empty liter beaker and 
connect with a 250 cc tall Drexel gas washing bottle, which contains 25 cc of 
5 N KOII soln and 150 cc of H 2 O. The orifice of the intake tube is restricted to 1 mm 
diameter at the point where the gas enters the KOH. Open and adjust the screw 
clamp to permit the gas to pass into the gas washing bottle at the rate of 3-4 bub- 
bles per second. When the screw clamp is completely open and the gas evolution 
slows up, fill the beaker with H 2 O and apply the full flame of the burner. Keep the 
II 2 O in the beaker boiling vigorously and add boiling H 2 O to replace loss by 
evaporation. Continue this process until the bubbles cease to come over and the 
alkaline liquid in the washing bottle rises in the inner tube to the level of the outer 
liquid. 

Disconnect the washing bottle, cool, and transfer the contents to a 500 cc Erlen- 
meyer flask. Titrate slowly, imparting a rapid swirling motion to the contents of the 
flask, with the standard H 2 SO 4 soln, using 3 drops of indicator soln (0.6 g of thymol- 
phthalcin and 1 g of phenolphthalein in 60 cc of alcohol diluted with 40 cc of H 2 O 
until the lavender color of the soln changes to phenolphthalein pink. Continue to a 
faint pink and note the buret reading. 

Then add 2 drops of methyl orange indicator (0.2 g of methyl orange in 100 cc of 
H 2 O) and continue the titration to the methyl orange end point without refilling 
the buret. Correct the number of cc of standard acid required to pass from the 
phenolphthalein to the methyl orange end point for the blank due to carbonates 
inherent in the KOH soln, determined by titrating, in the same manner, 25 cc of 
the KOII soln in 150 cc of HjO. During the titration between the two indicator 
changes the CO 2 of the beer is present in the KOH soln as KHCO 3 . 

Disconnect the beer bottle from the apparatus, wash, drain, and allow to dry. 
Weigh the empty bottle and crown. 

Calculate the weight of CO 2 obtained by subtracting the blank from the differ- 
ence in cc between the thymolphthalcin and methyl orange end points and multiply- 
ing this difference by the titer of the acid. 

Calculate the percentage weight of CO 2 present as follows: 


% C02 = 


AVeight of CO 2 


XIOO. 


charge 
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21 SULFUR DIOXIDE— TENTATIVE 

To 200 cc of beer (not necessarily decarbonated) in a 1000 cc distilling flask, add 
250 cc of H2O and 1 cc of H3PO4. Add a pinch of NaoCOs and distil with steam. Col- 
lect about 200 cc of the SOs-containing distillate in a flask containing 50 cc of satu- 
rated Br water or I soln; acidify with IICl, boil to remove Br or I and precipitate 
with BaCh. Weigh as BaS04 and report as mg of SO2 per liter. 

22 IODINE REACTION* OR UNCONVERTED STARCH— TENTATIVE 

(a) 1. — Place 10 cc of beer in one test tube; 2. — In a second test tube place 0.1 A 
I soln (dissolve 12.69 g of I and 25 g of KI in H2O and make up to 1 liter) and dilute 
to the same color as the beer. Slowly pour the I soln into the beer and note the 
color. A normal beer should not change in color. A blue color indicates starch; 
a purple color, amylodextrine; and a reddish color, erythrodextrine. No change in 
color indicates complete conversion. 

(b) For dark beer, but applicahle also to light beer. — To 5 cc of beer in a test tube 
add 25 cc of alcohol. Shake thoroly. Let stand. Decant, pouring off the last trace 
of the beer-alcohol mixture. Dissolve the precipitate (dextrine) in 5 cc of H^O and 
to this soln add dropwise a 0.1 A" I soln diluted 5 times. Abnormal beer gives a red 
or violet or blue coloration. 

23 COLORING MATTERS TENTATIVE 
Proceed as directed under XXL 

24 METALS— TENTATIVE 
Proceed as directed under XXIX. 

25 PRESERVATIVES AND SWEETENERS— OFFICIAL 
Proceed as directed under XXXII. 

26 PASTEURIZATION— TENTATIVE 

Beer heated to 58"' (temp, of pasteurization) no longer contains active invertase. 
Take two 20 cc portions of beer, one heated to boiling, the other not heated. To each 
add 20 cc of a 20% sucrose .soln and let .stand 24 hours at room temp, .Add to each 
soln 0.5 cc of basic Pb acetate soln, make u[) to 50 cc with HjO, filter, and polar- 
ize. If there is an appreciable difference in rotatory power between the two samples 
the beer has not been pasteurized. A close agreement in rotation indicates a ])as- 
teurized beer. 

27 CHLORIDES IN BEER*- TENTATIVE 

Take a 100 cc sample and proceed as directed under XII, 34-36. 

28 METHYL ALCOHOL (QUANTITATIVE) TENTATIVE 

Transfer to a distilling flask a quantity of sample that contains 20 25 cc of ab- 
solute alcohol and distil slowly, collecting the distillate in a 50 cc vobi metric (lask. 
When nearly to the mark, di.sconnect the receiver and adjust to the mark at room 
temp, with H2O. Determine methyl alcohol as directed under XVI, 19. 

MALT^—TENTATIVE 

29 SAMPLING 

For complete descriptions of the trier, divider, sampler, and bushel weight te.stcr, 
see Handbook of Official Grain Standards of the United States Department of 
Agriculture, 1934. 

• These rnethoijH are the official rnetfio.ls ff>r analyj^iw of iiiLilt a'lopted t;,v tlie Arneriran St»ciety of 
Brewing C’hemi.vtB, Oct*>ber, 193.o, pHiterl to conform in part tfj tlio styhr of tliis imfilication. 
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(a) Bulk malt in cars or bins. — Using a 60-in. trier, take at least 6 probes from 
different parts of the car, preferably 2 from the center and 2 from each end. 

(b) Bulk malt during discharge through spouts or openings. — At different times 
during the filling or unloading of a car take, with the trier or sampler, at least 6 
samples, each representing a complete cross section from the grain stream coming 
out of the spout. 

(c) Bagged 7nalt. — Sample not less than 2% of the bags, lengthwise thru the center 
of the open bags, using a short trier. 

Indicate the approximate proportion of inferior grain and take representative 
samples from each portion in the manner outlined above. Immediately place 
each portion of the sample in a suitable large dry container and keep tightly closed. 

30 PREPARATION OF SAMPLE 

Divide the samples either by quartering or by using a sample divider, until 
approximately 1 lb. remains. Place the reduced sample in an air-tight container 
(preferably tin with a screw or friction type cover). Do not use cartons, bags, wooden 
boxes, glass Mason jars, or wrapping paper for this purpose. Remove foreign par- 
ticles, such as stone, wood, and twine. Do not remove foreign seeds or dust par- 
ticles. 

31 BUSHEL WEIGHT 

Place the sample in the filling hopper of the Winchester tester, open the slide 
underneath, and allow the malt to fill the measuring cylinder to overflowing. With- 
out jarring, level off with a straight-edge longer than the diameter of the measuring 
cylinder, making one forward stroke consisting of three distinct zig-zag motions. 
\\ eigh to the nearest \ pound. 

32 LENGTH OF ACROSPIRE 

(Quarter the sample until approximately 200 kernels remain in two opposite quar- 
ters. Uouiit out 100 kernels, remove the husk covering the acrospire by means of a 
sharp instrument (knife or tweezer with sharpened edge), and note the acrospire 
length in comparison with the length of the kernel. Divide the kernels into the 
following classifications: 0 to f, 1 to ^ to I, ^ to 1, overgrown. Include I, ^ and | 
grown kernels in the upper classification. Count the number of kernels belonging 
to each class. 

33 MEALINESS 

Ch)unt out 100 kernels remaining from the preceding test and cut them in longi- 
tudinal halves. Determine the percentage of mealy, half glassy, and glassy kernels. 
In case of uncertainty, pierce the starch body with a sharp point; if mealy, it will 
break a\vav and crumble from the point. 

34 1,000 KERNEL WEIGHT 

(Quarter the sample until approximately 500 kernels remain in two opposite quar- 
ters. Count out 500 kernels and w eigh to the nearest 0.1 g. Calculate the results to 
1,000 kernels on ‘his and dry basis. 

35 ASSORTMENT* 

Weigh 100 g from a quartered sample to the nearest 0.1 g. Place in the top com- 
partment of a grader and shake f or 3 min. Weigh the quantities reinainiiig on the 

• (Jr.'ider tnanufactured by tbe Ilicbmond Mfg. Co,, Lockport, N. \ . 
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various screens and in the catch pan to the nearest 0.1 g, and report the percentage 
on each of the following screens: 8/64", 7/64", 6^64", 5^/64", 5/64", and thru 
the 5/64", in percentage totaling 100%. 

36 MOLD 

Determine the presence or absence of mold by visual inspection and report as 
“none," “trace," etc. 

37 FOREIGN SEEDS AND BROKEN KERNELS 

Weigh 50 g of the sample. Pick out foreign seeds and broken kernels, classify, and 
report separately in percentage. 

MOISTtmE 

38 APPARATUS 

(a) Weighing dish. — Use a glass bottle or an?aluminum dish, provided with a 
tight fitting cover, and having a diameter of approximately 40 mm for a 5 g sample, 
or 55 mm for a 10 g sample. 

(b) Oven. — Should have an automatic temp, control capable of holding the temp, 
within ± 0.5° C. and be large enough to accommodate all the samples on one shelf in 
such a manner that no sample is outside the area indicated by test to give com- 
parable results in duplicate samples. Standardize the oven as follows: Place weighed 
duplicate samples in the oven at 103 to 104° and dry for 3 hours. Weigh, and redry 
for 1 hour longer. If the moisture content has increased by more than 0.1%, raise 
the temp. 1° and again test with new duplicate samples. Take as the standard the 
lowest temp, below 106° giving a moisture content which, after 3 hours of drying, 
is within 0.1% of the value attainable at the same temp, within 4 hours. Keep the 
ventilators of the oven open during the entire drying period, and do not open the 
door during the 3 hours of drying. 

39 PREPARATION OF SAMPLE 

(a) If extract determination is to be made. — Grind as instructed under “Extract", 
and transfer in one continuous operation. When a large number of samples are used, 
grind the first sample, remove the beaker, and grind the second sample while ad- 
justing the weight of the first sample. Remove the second sample, insert the third 
sample, and repeat the operation. 

(b) // extract determination is not made. — Have the sample of the same fineness 
as the finely ground malt used for the determination of extract. Weigh about 5 g of 
whole malt and grind thru a clean dr^" mill directly into a weighing bottle (10 g may 
be taken provided the 55 mm diameter weighing bottle is used.) Brush all malt from 
the mill into the weighing bottle and cover immediately. 

40 DETERMINATION 

Weigh the sample to 0.1 mg and place in the oven previously heated to the 
standard temp. Remove the cover of the weighing bottle and heat for exactly 3 
hours at the standard temp. Transfer the weighing bottle, with the cover replaced, 
to a desiccator and when cooled to room temp, weigh to 0.1 mg. Report moisture to 
the nearest 0.1 %. 

EXTRACT 

41 REAGENT 

Iodine soln. — 0.01 N. Dissolve 0.63 g of I and 1.25 g of K I in HjO and make up 
to 500 cc. Prepare a fresh soln every month. 
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42 APPARATUS 

(a) Mill — Miag-Seck. For fine grinding use the cone-type, 300 r.p.m., and for 
coarse grinding the roller-type, 150 r.p.m. 

(b) Sieves. — Set of six 8^', half-height U. S. standard sieves Nos. 10, 14, 18, 30, 
60, and 100 (with pan and cover). 

(c) Mash beakers and counter weights. — Made of either pure nickel or brass, not 
copper, and of such dimensions as to assure a tight connection between the beakers 
and the Miag-Seck mill during the grinding period. 

If counter weights arc used for the mash beakers, check their tare weight fre- 
quently. 

(d) Mashing apparatus. — Beakers, stirrers, and solder shall be made of the same 
metal. Each stirrer shall be provided with a blade, which in operation has a clear- 
ance of about 2 mm from the bottom and 5 mm from the wall of the mash beaker. 
The blade shall be about 8 mm wide, and each side shall have a pitch of 45®, arranged 
as in a propeller, to cause an upward motion of the mash. The speed of the mash 
stirrer shall be 80-100 r.p.m., each stirrer of each beaker having the same speed. 
Stir the H 2 O in the bath thoroly by mechanical means to assure uniformity of temp, 
and have the level of the H^O above the maximum mash level. 

(e) Gypsu7n plate. — Prepare the gypsum plate by thoroly mixing 100 cc of H 2 O 
with 135 g of plaster of Paris. Pour this mixture, while still free-flowing, into suitable 
flat molds (cigar boxes, etc.). 

(f) Filter paper. — Use Schleicher and Schiill 32 cm fluted filter paper No. 560 
(or No. 597, 32 cm to be fluted by the analyst) or Delta Diiren, 32 cm fluted filter 
paper No. 31 (or No. 314, 32 cm, to be fluted by the analyst). 

(g) Funnels.- — Use short-stem glass funnels of approximately 20 cm diameter and 
do not allow the filter paper to project above the rim of the funnel. The stem shall 
extend about 3-5 cm into the receiving flask. 

(h) Flasks.^Vse dry 500 cc Erlenmeyer flasks. Mark at the 100 cc level. 

(i) Pycnometers. — Any suitable pycnometer but preferably of the Reischauer 
type, which is approximately 15 cm high and has a neck approximately 9 cm 
long and an internal neck diameter between 2.5 and 3.5 mm. Place a thin, well 
defined mark 55-70 mm below the upper rim of the neck. When filled with H 2 O of 
20® it shall have a capacity of 48-50 g. Use glass funnels having a capacity of about 
15 cc to fill the pycnometers. 

(j) Empting device for Reischauer pycnonieter.^Bend a piece of non-ferrous metal 
capillarj’’ tubing (brass, stainless steel) of less than 2 mm outside diameter to an 
angle of about 45®. The end to be inserted into the pycnometer shall reach within a 
few mm of the bottom. Connect the other end either to a rubber aspirator bulb or 
to a compressed air supply, not exceeding 5 lbs. per sq. in. 

(k) Water Use an automatically controlled water bath. If one is not avail- 

able, use the following set-up: Have the water level of the bath (5-15 liters capa- 
city) reach above the neck marks of the pycnometer, keep the water bath temp, at 
20® ( ±0.05®), and read on an accurate thermometer, calibrated to 1/10®. Maintain 
the temp, of the watci bath by a very slow but continuous flow of ice water from a 
container (2-4 liters capacity, containing ice and H 2 O). Regulate the flow of ice 
water by hand. Stir the HoO in the bath mechanically and continuously without 

splashing. 

43 STANDARDIZATION 

(a) Setting of the Determine by the composition of the ground malt and 

use malt of the following characteristics. 
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Moisture 4. 0-5.0% 

Extract in the finely ground malt (Plato) as is 68-71% 

Color of laboratory wort, Lovibond series 52-y' cell 1.5- 2.2® 

1,000 kernel weight, as is 22-26g 


Acrospire development; 80% of the kernels to have an acrospire longer than i of 
kernel length; not more than 5% of the kernels to have acrospires longer than ker- 
nel length. 

Fine grinding . — Weigh approximately 51 gtof the specified malt into a mash 
beaker, grind, and collect in the same beaker. Sieve 50 g of the well-mixed ground 
malt thru the standard sieves. Shake the sieves with the malt by hand in a hori- 
^ntal plane for 5 min., tapping the set of sieves upon the table top every 15 seconds. 
Detach the top sieve from the other sieves and shake for a short time over a sheet 
of paper until no particles are emitted. Add the particles to the next sieve. Repeat 
this procedure with sieves Nos. 14, 18, and 30. The mill shall be considered as having 
a standardized setting when the sum of the ground malt portions remaining on sieves 
Nos. 10, 14, 18, and 30 is between 4.5 and 5.5 g (9-11%). Standardize the mill at 
least twice yearly. 

Coarse grinding . — Proceed as directed ior fine grinding. The mill shall be consid- 
ered as having a standardized setting when the sum of the ground malt portions 
remaining on sieves Nos. 10, 14, 18, and 30 is between 29 and 31 g (58-62%). 

(b) Pycnometers . — Clean the interior and exterior of the pycnometers wdth 
Na 2 Cr 207 -H 2 S 04 soln, discharge carefully with air, and wash several times with 
H 2 O, followed with alcohol and finally with ether. To remove the last traces of ether 
vapor and replace it with laboratory uir, connect the metal capillary tubing (dry) to 
a vacuum and insert into the pycnometer for 1-2 min. Carefully wijie the pycnom- 
eters, allow to stand a few minutes, and determine the tare by weighing to 0.2 mg. 

Fill with freshly distilled H 2 O and place in the water bath held at 20® ( +0.05®). 
Force out air bubbles by gentle tapping. After 25 min., remove the liquid above the 
mark by means of a capillary pipet provided with a small rubber hull). Make the 
final adjustment of the meniscus by absorbing the last quantity of liquid by means 
of thin .strips of blotting paper; also remove any liquid adhering to the inner surface 
of the neck. Adjust the water level so that the lower part of the meniscus rests on 
the mark. Make all adjustments of the liquid level within the jjycnometer neck while 
holding it at the neck, but without touching the body of the pycnometer with the 
hands. Keep the body of the pycnometer submerged during the entire period of the 
meniscus adjustment. 

Raise the pycnometers to room temp, by insertion into a water hath, kei)t at 
exactly that temp., and hold for 10 min. Remove the pycnometcr.s, carefully dry the 
exterior, and weigh to 0.2 mg. The difference between the two weighings represents 
the H 2 O capacity of the pycnometer at 20®. Redetermine the tare weight ami 
the II 2 O capacity at least twice a year. 

44 determination* 

Fine grinding . — Weigh approximately 55 g of the sample fat room temp.) into a 
tared mash beaker and grind thru the mill set fur standardized fineness of grind. 
Collect the finely ground malt in the same mash beaker, carefully brushing malt 
particles remaining in the mill into the mash beaker. Without delay, place the 
mash beaker with its contents on the balance (accurate to within ±0.05 g under 
a 750 g load) and adjust weight of malt to 50 g ( +0.05 g) by removing the excess 
into a tared dish for the determination of moi.sture. 
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Coarse grinding . — Weigh 50.5 g or less of the sample (at room temp.) into a tared 
mash beaker and grind thru the mill, set for standardized coarseness of grind. Col- 
lect the coarsely ground malt in the same mash beaker, carefully brushing particles 
remaining in the mill into the mash beaker. Without delay, place the mash beaker 
with its contents on the balance (accurate to within ±0.05 g under a 750 g load) 
and adjust weight of malt to 50 g ( +0.05 g) by removing the excess. 

(a) Mashing procedure . — “Mash in’^ the ground malt with 200 cc of H 2 O of 46° 
and mix well with a glass rod to prevent formation of lumps. Carefully rinse the 
glass rod and the wall of the beaker with a small quantity of H 2 O. Note the odor 
of the mash and report as aromatic, slightly aromatic, musty, green, stale, etc. 
Promptly place the mash beakers in the mashing apparatus containing H 2 O previ;- 
ously heated to 46°, and set the stirrers in motion. Place a thermometer in each 
mash beaker. Maintain a temp, of 45° for exactly 30 min. from the time the beakers 
were placed in the mashing apparatus. Raise the mash temp. 1° per min. until 70° 
is reached. Add 100 cc of H 2 O, previously heated to 70-71°, and hold the mash at 
70° for 60 min. (Temp, deviations during the mashing procedure should not exceed 
0.5°.) 

(b) Conversion . — Transfer a drop of mash by means of a thin glass rod (about 3 
mm diameter) onto the absorbent gypsum plate, and test with a drop of the I 
soln, 41 . Make tests 5, 7, and 10 min. after 70° has been reached, and thereafter, if 
necessary, at 5 min. intervals. Conversion is complete when the test drop and I 
produce only a yellow stain on the gypsum plate. Report the time of conversion in 
periods: less than 5 min., 5-7 min., etc. Time of conversion is not determined on 
coarsely ground malt. 

(c) Cooling and filtration . — Cool the mash promptly within 10-15 min. to the 
prevailing room temp. Stop the stirrers. Remove the thermometers after mash par- 
ticles adhering have been rinsed into the beaker with H 2 O. Remove each beaker 
with its stirrer from the mashing apparatus. Rinse mash particles adhering to the 
stirrer into the beaker with H 2 O. Dry the outside of each beaker, taking care to re- 
move moisture adhering to the rim. Without delay, adjust the weight of the con- 
tents of the mash beaker to 450.0 g ( +0.05 g) by the addition of H 2 O. 

Stir the mash thoroly wdth a glass rod, once when removing the beakers from the 
balance pan, and again immediately before pouring the mash onto the filter. The two 
stirrings shall be not less than 5 min., nor more than 15 min. apart. During the stir- 
ring of the cooled mash, take care to prevent splashing or spilling of the mash. 
Mix drops adhering to the beaker wall into the mash by rotary stirring with the 
glass rod. 

Pour the entire contents of the beaker into a funnel provided wuth the specified 
filter paper. Cover the funnel with a large watch-glass (about 20 cm diameter) dur- 
ing the entire filtration. Return the first 100 cc of the filtrate to the filter. When no 
more liquid is present above the filter cake, discontinue filtration and remove the 
receiving flask, containing the wort, for subsequent observations and tests. In the 
case of slow running worts, stop filtration after 2 hours. When filtration is complete, 
mix the wort in the receiving flask thoroly by rotary motion. The speed of filtra- 
tion is normal, if filtration is complete (as defined above) within 1 hour after return- 
ing the 100 cc filtrate to the filter bed; slow, if filtration requires longer. Observe the 
degree of clarity and report as: clear, slightly hazy, or hazy. 

Remove approximately 100 cc of the wort for the determination of color. The 
color is not determined on the wort from coarsely ground malt. 

(d) Specific gravity.— Rinse the empty pycnometer twice with about 10 cc of 
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wort, and if a Reischauer pycnometer is used remove the rinsings each time by 
means of the emptying device. Fill with wort, place in the water bath, and follow 
the procedure under 43(b). Weigh the filled pycnometer within 3 hours of completed 
filtration. The difference between this weight and that of the empty pycnometer 
represents the wort capacity of the pycnometer at 20°. Calculate the sp. gr. of the 
wort to the fifth decimal place, rounding off to 0.00005 or 0.00010, by dividing the 
weight of the wort by the weight of the H 2 O. 

No calculation is made of sp. gr. in vacuo. If duplicate determinations made by 
the same anah'st in different beakers differ by more than two units in the fourth 
decimal place, repeat the entire determination. 

(e) Extract.- — Ascertain the extract yield of the malt by reference to the sp. gr. 
values in XLII, Table 3, and report only to the first decimal place. 

45 COLOR OF WORT 

Use a Lovibond tintometer, ^ in. cell, Series 52, brewers' type, and a standard 
daylight lamp (A.S.T.M, D 218-34T, 1933, or its spectrophotometric equivalent). 
Place the tintometer in a box shield of metal or wood, but finished in dull black so 
as to prevent interference from reflected light. Mount in a horizontal position di- 
rectly in front of the artificial dajdight lamp. Substitute a flashed, opal glass for the 
milk glass usually provided with the instrument. Have the distance between the 
opal glass and the daylight lamp such as to project a diffused light with the absence 
of glare or shadow upon the opal glass and have the near surface of the daylight 
filter 6 inches from the opal glass. 

Pour the wort into the cell as quickly as possible after filtration and match against 
the standard glasses. Subdivide down to U color glasses and report results to the 
nearest tenth. If difficulty is experienced in reading the color, filter that portion of 
the wort to be used for color determination separately thru dry filter paper without 
filtcr-aid. 

DIASTATIC POWER 

Wash all glassware with acid cleaning sola, 43(b), then rinse with ordinary tap 
H 2 O not less than 4 times, and finally rinse with distilled H 2 O at least twice. Thornly 
dry the digestion flasks. 

46 REAGEN'TS 

f'a) Acetate hnfer soln. — Dissolve 68 g of Na acetate fCHsC’OONa.dlU.O) in 
500 cc of normal acetic acid and make up to I liter with IDO. 

(b) SoxhleC.^ rnodificativn of Fehling's -Prepare by mixing i in mediately be- 
fore use equal volumes of (1) and (2). 

(1) Copper sulfate so?n.— Dissolve 34.639 g of (’uS04.5H20 in H 2 O, dilute to 
500 cc, and filter thru prepared asbestos. 

(2) Alkaline tartrate soln. — Dissolve 173 g of Rochelle salt and 50 g of NaOH in 
H 2 O, dilute to 500 cc, allow to stand for 2 days, and filter thru prepared asbestos. 

Check the Fehling’s soln from time to time by estimating its oxidizing value 
against a .standard soln of invert sugar according to customary analytical procedure. 

(c) y^iarch soln. — Have the final concentration represent 2 g of soluble starch 
f weighed on a dry basis) in 100 cc of soln. (Use starch of such quality and grade that 
its solubility will be at least 1:50 in hot H20, contain no dextrines, contain less than 
0.5% reducing substances calculated as maltose, and have a moisture content of 
approximately 10-12%. A freshly made 2% soln shall have a pH between 4.5 and 
4.7 without adjustment by the use of a buffer. Subsequent batches of starch shall, 
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when tested on a malt of approximately 100° Lintner (dry basis) and having other 
characteristics as specified under the determination of extract in malt, show a varia- 
tion no greater than +3° Untner from the value obtained using the original starch 
in a parallel determination. Further additional batches of starch when purchased 
shall be tested in parallel with the starch in use. No variation greater than ±3® 
Lintner will be permitted. In no case shall a cumulative correction as referred to 
the original starch approved above amount to more than 5° Juntner.) Macerate the 
starch with a small amount of cold freshly distilled H^O sufficient to form a smooth 
thin paste (not over 5% of final volume). Pour this, with constant stirring, into 
boding freshly distilled H2O representing not less than approximately 75% of the 
final volume of the starch soln, at such a rate that boiling does not cease. Continue 
boiling for 2 min. after the thin paste is completely introduced. Quickly add an 
additional 10% of the final volume of cold freshly distilled H2O to the beaker and 
transfer the mixture quantitatively to a glass-stoppered volumetric flask, mix by 
inverting the flask, wash down the neck of the flask, and cool the whole to 20° before 
adding the buffer soln. Add 2 cc of the buffer soln for each 100 cc of the final volume 
of starch soln and make up the whole to the mark. Mix again by inverting the flask 
and keep tightly stoppered at 20° until used. 

DETERMINATION 

Grind separately not over 25.5 g of malt as directed under 44. Collect the 
finely ground malt in a mash beaker, carefully brushing in the malt particles remain- 
ing in the mill. Without delay, adjust the weight of the contents to 25 g ( ±0.05 g). 
Transfer quantitatively the 25 g to the container (capacity about 1 liter) in which 
the infusion is to be made. Add 500 cc of freshly distilled II 26 and close the container. 
Let the infusion stand for 2.5 hours at 20° ( ±0.2°) and agitate by rotation at 20 min. 
intervals. Take care that in the agitation of the malt suspension as small a quantity 
as possible of the grist is left adhering to the inner surface of the flask above the 
level of the H2O. (Mixing by inverting the flask is specifically cautioned against. 
Gentle whirling of the contents without splashing on the sides of the container has 
been found to give sufficient mixing.) Filter the infusion by transferring the entire 
charge onto a 30-32 cm fluted filter (CS and S No. 588) contained in a 175 mm fun- 
nel. Return the first 50 cc of the filtrate to the filter. Collect the filtrate until 3 hours 
shall have elapsed from the time the H2O and ground malt were first mixed. Prevent 
evaporation during the filtration period as far as possible by placing a watch-glass 
over the funnel and some suitable cover around the stem of the funnel, resting on the 
neck of the receiver. 

Immediately dilute 20 cc of the above infusion to 100 cc at 20°, transfer 10 cc 
of this infusion to a 200 cc volumetric flask, and bring to 20°. If the diastatic 
power of the malt being examined is 135° Lintner or above, make (or repeat) the 
determination, using a 250 cc volumetric flask at this point and 200 cc of the buf- 
fered starch .soln. Multiply the diastatic power as computed under 48 by 1.25. 
Add 100 cc of buffered starch soln from a fast flowing pipet at 20°. Mix the solns 
by rotating the flask during the addition. Maintain the ‘^starch-infusion” mixture 
at 20° ( ±0.2°) for exactly 30 min. after addition of the starch soln was begun. Add 
10 cc of 0.5 N NaOH rapidly for each 100 cc of starch soln and mix the whole 
thoroly by whirling the flask. Make to the mark at 20° and mix well. 

Boil 10 cc of the Fehling's soln and 10 cc of H2O in a small flask with a narrow 
neck (200 cc Erlcnmeyer).Add from a buret about f of the amount of the above di- 
gested starch soln probably required and boil 15-20 seconds, rotating constantly. 
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Remove from flame. If still decidedly blue, add more soln, boil about 10 seconds, and 
again observe color. When the blue color has been almost discharged, and after 
boiling gently for about 2 min., add 3 drops of a 1% aqueous methylene blue soln. 
Continue boiling and add more soln until 0.1 cc, or even 1 drop, upon boiling, dis- 
charges the blue color. (It becomes violet-lavender as end point nears.) 

Repeat the titration, adding at once almost the whole amount of the digested 
starch required in the above, and proceed to the end point as directed. Let the 
amount of the digested starch soln required to reach the end point in this second 
titration be called A. Interrupt the boiling as little as possible after the indicator 
has been added, so that the flask remains filled with steam, preventing much access 
of air. Upon cooling the blue color usually returns. 


48 BLANK COBRECTION 

Prepare a blank by proceeding exactly as described under 47, except to add the 
NaOH to the malt infusion before adding the starch soln. Add to 10 cc of the 
Fehling’s soln and 10 cc of HjO a volume of this blank equal to the final volume of 
digested starch soln required in the above determination. Boil and again determine 
the end point, using the digested starch soln, as directed under 47. Let the amount 
of digested starch soln used here be called B. 


^ ^ 1 , 4000 B 

To determine the corrected diastatic power solve the formula X — = D. P. 

A A 


in which Is the apparent diastatic power, which must be modified by the 

fraction representing the ratio of the blank titration to the original titration which 
measures the influence of the starch in the determination. To convert this to “dry 
basi.s,’' divide the figure so found by (100 minus per cent moisture). Report as de- 
grees Lintner (dry basis). 


PREPARED CORN OR RICE PRODUCTS (FLAKED CORN 
OR FLAKED RICE)— TENTATIVE 

49 MOISTURE 

Weigh out about 5 g in a glass weighing bottle or A1 dish with tightly fitting 
cover, 40 mm in diameter, and dry at 103 -104° for 4 hours. Record results to nearest 
first decimal. 

50 FAT 

Extract the sample from the moisture determination with anhydrous ether 
for 5-6 hours, di.stil off the ether, and dry in an oven for 1 hour, (’ool, and weigh. 

51 EXTRACT 

To 30 g of finely ground barley-malt contained in a weighed mash beaker, add 
200 cc of H 2 O at 46°. Mix malt and HjO with a glass rod, washing off rod and 
sides of beaker with a little distilled H3O. Maintain the temp, of 45° with con- 
stant stirring, preferably in a mashing machine, for 30 min. If no mashing apparatus 
is available, place beaker on a wire screen contained in a water bath. Raise the temp. 
1° per min. until 67° is reached. Add 20 g of the prepared flaked corn or rice product, 
mix thoroly, and hold for 30 min. at 67°. Warm up to 70° in 6 min. Hold until 
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saccharified, testing every 3 min. by taking a small portion of the mash with a thin 
glass rod and placing this on a gypsum plate together with a drop of 0.01 N I soln, 
41 . A yellow coloration indicates complete inversion. Note the time after reaching 
70"’ until mash is completely inverted. Hold altogether at 70° for 60 min. Cool to 
room temp., remove beaker from bath, wash off thermometer or stirrer with a little 
H 2 O, dry beaker, and adjust contents to 450 g. Stir contents of beaker thoroly 
and filter thru a fluted filter. Pour the first 100 cc of filtrate back on the filter, 
collecting the entire filtrate in a 500 cc Erlenmeyer flask. Determine the sp. gr. 
with a Reischauer or other pycnometer at 20° and And corresponding extract in 
the Plato Table, XLII, 3. 

Calculate the extract as follows: 


Total extract = 


Extract X (800 + IP in 60 g of malt + IP in 40 g of flakes) 
100 — Extract 


which 

Extract = extract from Plato’s table; 
IP = moisture; 


in 


Total extract 

Extract in flakes = — - 


-extract in 60 g of malt 
" 40 ~ 


CORN GRITS, CORN MEAL, BREWER’S RICE> TENTATIVE 

52 PREPARATION OF SAMPLE 
If necessary, grind to fairly fine consistency. 

53 MOISTURE 

Weigh out about 5 g in a glass weighing bottle or AI dish 40 mm in diameter 
with a tightly fitting cover, and dry at 103-104“ for 4 hours. Record results to near- 
est first decimal. 

54 fat 

Extract the sample from the moisture determination with anhydrous ether 
for 5-6 hours, distil off ether, and dry in an oven for 1 hour. Cool, and weigh. 

55 EXTRACT 

The extract and moisture content of the malt used must be known. 

Boil for 30 min. 20 g of finely ground sample in a mash beaker with 200 cc of 
HaO, stirring with a glass rod and replacing the evaporated H 2 O. Cool to 46°, and 
add 30 g of crushed malt. Mix, and wash off glass rod and sides of beaker with a 
little H 2 O. Maintain the temp, of 45° for 30 min. with constant stirring, preferably 
in a mashing apparatus. If no mashing apparatus is available, place beaker on a 
wire screen contained in a water bath. Raise temp. 1 every minute until 70 is 
reached, and hold at this temp, until saccharified, testing every 3 min. by taking a 
small portion of the mash with a thin glass rod and placing this on a gypsum plate 
together with a drop of O.Ol N I sola, 41 . A yellow coloration indicates complete in- 
version. Note the time after reaching 70° until mash is inverted. Hold altogether at 
70° for 30 min. Cool to room temp., remove beaker from bath, wash off stirrer and 
thermometer with a little H 2 O, dry beaker, and adjust contents of beaker to 450 g- 
Stir with a glass rod and filter thru a fluted filter paper. Pour the first 100 cc of 
filtrate back on the filter collecting the entire filtrate in a 500 cc Erlenmeyer 
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flask. Determinfr-the sp. gr. with a Reischauer or other pycnometer at 20® and find 
corresponding extract in the Plato Table, XLII, 3, Calculate the extract as directed 
under 51. 

56 REFINED GRITS AND REFINED FLAKES 

Proceed as directed for the examination of Corn Grits except to boil for 6 min. 
only in the determination of the extract. 

SELECTED REFERENCES 

^ J. Assoc. Official Agr. Chem., 19, 76 (1936). 
s Ibid., 77, 164. 
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1 PHYSICAL EXAMINATION— TENTATIVE 

Note and record the following: (1) Whether the container is “bottle full"; (2) the 
appearance of the wine, whether it is bright or turbid and whether there is any sedi- 
ment, (3) condition when opened, whether still, gaseous, or carbonated; (4) color 
and depth of color; (5) odor, whether vinous, foreign or acetous, and (6) taste, 
whether dry, sweet, vinous, foreign, or acetous. 

2 PREPARATION OF SAMPLE— OFFICIAL 

Remove any gas in the wine by pouring the sample back and forth in beakers. 
Filter the wine, regardless of appearance. Determine immediately the sp. gr. and 
those ingredients that are subject to change, such as alcohol, sugars, acids. 

^ SPECIFIC GRAVITY 

Determine the sp. gr at 20/20° by means of a pycnometer as directed under 
XIV, 3, or by means of a small accurately graduated hydrometer. 

4 ALCOHOL— OFFICIAL 

(a) By volume.— Uestsuve 100 cc of the liquid into a 300-500 cc distillation flask, 
noting the temp., and add 50 cc of H 2 O. Attach the flask to a vertical condenser by 
means of a bent tube, distil almost 100 cc, and make to a volume of 100 cc at the 
same temp. (Foaming, which sometimes occurs, especially with young wines, may 
he prevented by the addition of a small quantity of tannin.) To determine the 
alcohol in wines that contain an abnormal quantity of acetic acid, exactly neutralize 
the portion taken with normal NaOH soln calculated from acidity before proceeding 
with the distillation. (This is unnecessary, however, for wanes of normal taste and 
odor.) Determine the sp. gr. of the distillate as directed under XIV, 3, at room temp, 
if desired, and obtain the corresponding percentage of alcohol by volume from 
XUI, Table 19. 

(b) By weight — From Table 21 obtain the % alcohol by weight in the distillate 
corresponding to the % alcohol by volume and divide by the sp. gr. 

(c) By immersion refractometer. — Verify the percentages of alcohol (a) and (c), 
by ascertaining the immersion refractometer reading of the distillate and obtaining 
the corresponding percentages of alcohol from XLII, Table 20. 

GLYCEROL IN DRY WINES 

At no time during any of the evaporations should the area of the dish exposed to 
the bath be greater in circumference than that covered by the liquid in the dish 
(easily done by allowing the dish to float in the bath). 

5 /. By Direct Weighing — Official 

Evaporate 100 cc of the wane in a porcelain dish on a w’^ater bath maintained at a 
temp, of 85 -90° to a volume of about 10 cc. Treat the residue with about 5 g of fine 
sand and 4-5 cc of milk of lime (containing 15 g of CaO per 100 cc) for each g of 
extract present and evaporate almost to dryness. Treat the moist residue with 50 cc 
of alcohol, 90% by volume; remove the substance adhering to the sides of the dish 
wdth a spatula, and rub the whole mass to a paste. Heat the mixture on a water bath, 
with constant stirring, to incipient boiling and decant the liquid thru a filter into a 
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small flask. Wash the residue repeatedly by decantation with 10 cc portions of hot 
90% alcohol until the filtrate amounts to about 150, ce! Evaporate the filtrate to a 
sirupy consistency in a porcelain dish, transfer the residue to a small glass-stoppered, 
graduated cylinder with 20 cc of absolute alcohol, and add 3 portions of 10 cc each 
of anhydrous ether, shaking thoroly after each addition. Let stand until clear, pour 
off thru a filter, and wash the cylinder and filter with a mixture of 2 parts of absolute 
alcohol to 3 parts of anhydrous ether, also pouring the wash liquor thru the filter. 
Evaporate the filtrate to a sirupy consistency, dry for an hour at the temp, of boil- 
ing HjO, weigh, ignite, and weigh again. The loss on ignition = the weight of glyc- 
erol. 

6 II. By Oxidation with Dichromale— Official 

Evaporate 100 cc of the wine in a porcelain dish on a water bath, maintained at 
a temp, of 85-90“, to a volume of 10 cc. Treat the residue with about 5 g of fine 
aand and 5 cc of milk of lime (containing 15 g of CaO per 100 cc). Proceed as directed 
under XXXIII, 72, beginning with the clause ‘'evaporate almost to dryness, with 
frequent stirring,’' except to dilute the soln of glycerol after treatment with AgjCOi 
and Pb acetate to a volume of 100 cc instead of 50 cc. Observe the precautions given 
concerning the temp, at which all evaporations are to be made. 

7 GLYCEROL IN SWEET WINES— OFFICIAL 

With wines in which the extract exceeds 5 g per 100 cc, heat 100 cc to boiling in 
a flask and treat with successive small portions of milk of lime until the wine be- 
comes first darker and then lighter in color. Cool, add 200 cc of 95% alcohol, allow 
the precipitate to subside, filter, and wash with 95% alcohol. Treat the combined 
filtrate and washings as directed under 5 or 6, 

8 GLYCEROL-ALCOHOL RATIO— OFFICIAL 

Express this ratio as A": 100, in which A' is obtained by multiplying the per- 
centage weight of glycerol by 100 and dividing the result by the percentage of al- 
cohol by weight. 

EXTRACT 

9 /. From the Specific Gravity of the Dealcoholized Wine — Offiicial 

Calculate the sp. gr. of the dealcoholized wine, /), by the following formula: 

»S = sp. gr. of the sample, 3; 

A — sp. gr. of the alcoholic distillate, 4 fa). 

From Table 2, under XLII, ascertain the percentage by weight of extract in the 
dealcoholized wine corresponding to the value of D. The figure thu.s obtained X 
the value of S— the g of extract per 100 cc of wine, 

10 II. By Evaporation — Offiicial 

(a) In dry wines ^ extract content of lesa than 3 g per 100 cc . — In a 75 cc flat-bot- 
tomed Pt dish, approximately 85 mm in diameter, evaporate 50 cc of the sample on 
a water bath to a sirupy consistency. Heat the residue for 2 5 hours in a tlrying oven 
at the temp, of boiling H 2 O, cool in a desiccator, and weigh as soon as the dish and 
contents reach room temp. 

(b) In sweet wines. — If the extract content is 3 6 g i)er 100 cc, treat 25 cc of the 
sample as directed under fa). If the extract exceeds 6 g per 100 cc, however, accept 
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the result obtained as dfrepted under 9, and attempt no gravimetric determination 
because of the inaccurate remits obtained by drying levulose at a high temp. 

11 NON-SUGAR SOLIDS (SUGAR-FREE EXTRACT)— OFFICIAL 

Subtract the quantity of reducing sugars before inversion, 12, from the extract, 
9 or 10. If sucrose is present, determine the non-sugar solids by subtracting the sum 
of reducing sugars before inversion and the sucrose from the extract. 

12 REDUCING SUGARS— OFFICUL 

(a) Dry wnes. — Place 200 cc of the sample in a porcelain dish, exactly neutralize 
with normal NaOH, calculating the quantity required from the determination of 
acidity, and evaporate to about j the original volume. Transfer to a 200 cc flask, 
add sufficient neutral Pb acetate soln to clarify, dilute to the mark with HjO, shake, 
and pass thru a folded filter. Remove the Pb with dry K oxalate and determine 
reducing sugars as directed under XXXIV, 37. 

(b) Sweet wines, — Approximate the sugar content by subtracting 2 from the 
result in the determination of the extract and use such a quantity of the sample that 
the aliquot taken for the Cu reduction shall not exceed 240 mg of invert sugar. Pro- 
ceed as directed under (a). 

SUCROSE 

13 /. By Reducing Sugars Before and After Inversion — Official 

Proceed as directed under XXXIV, 28, using the method given under XXXIV, 
37 for the determination of reducing sugars. 

14 II. By Polarization — Official 

Polarize before and after inversion in a 200 mm tube, as directed under XXXIV, 
22 or 23, a portion of the filtrate obtained under 12. In calculating the percentage of 
sucrose do not fail to take into consideration the relation of the weight of the sample 
contained in 100 cc to the normal weight for the instrument. 

15 COMMERCIAL GLUCOSE— OFFICIAL 

Polarize a portion of the filtrate obtained under 12, after inversion in a 200 mm 
jacketed tube at 87°, as directed under XXXIV, 29. In calculating the percentage 
of glucose do not fail to take into consideration the relation of the weight of the sam- 
ple contained in 100 cc to the normal weight for the instrument. 

16 ASH— OFFICIAL 

Proceed as directed under XXVII, 8, using the residue from 50 cc of the wine. 
Char carefully (decrepitation), and do not exceed 550° during ashing. 

17 ALKALINITY OF THE WATER-SOLUBLE ASH— OFFICIAL 

Extract the ash obtained as directed under 16 with successive small portions of 
hot H 2 O until the filtrate amounts to about 60 cc and proceed as directed under 
XXXIV, 13. Express the alkalinity in terms of the number of cc of 0.1 N acid re- 
quired to neutralize the H 20 -soluble ash from 100 cc of the wine. 

18 ALKALINITY OF THE WATER-INSOLUBLE ASH— OFFICIAL 

Ignite the filter and residue from 17 in the Pt dish in which the wine was ashed 
and proceed as directed under XXXIV, 14. Express the alkalinity in terms of the 
number of cc of 0.1 N acid required to neutralize the water-insoluble ash from 100 
cc of the wine. 
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19 PHOSPHORIC ACID— OFFICIAL 

Dissolve the ash, 16, in 50 cc of boiling HNO 3 (1 +9), filter, wash the paper, and 
determine PsOs in the combined filtrate and washings as directed under II, 9 or 12. 
If the ash ignites without difficulty, no free phosphoric acid need be suspected. 
If any free acid is present, the ash remains black even after repeated leaching. In 
the latter case, add Ca acetate or a mixture containing 3 parts of NajCOs and 1 
part of NaNOs to avoid loss of P2O5 before attempting to ash. 

20 SULFURIC ACID— OFFICIAL 

Precipitate directly the H 2 SO 4 in 50 cc of the sample by means of 10% BaCU soln 
after acidifying with a small excess of HCi, and determine the resulting BaS 04 as 
directed under XII, 27. Allow the precipitate to stand for at least 6 hours before 
filtering. Report as SO3, using the factor 0.3430. 

21 CHLORIDES— OFFICIAL 

To 100 cc of dry wine or 50 cc of sweet wine, add sufficient Na 2 C 03 to make dis- 
tinctly alkaline. Evaporate to dryness, ignite at. a heat not above low redness, cool, 
extract the residue with hot H 2 O, acidify the H 2 O extract with HNO 3 (1+4), and 
determine chlorides as directed under XII, 35 or 37. 

22 ACIDITY-OFFICIAL 

(a) Phenol phthalein. — In a large porcelain dish neutralize about 250 cc of recently 
boiled H 2 O with 0.1 .V alkali, using about 2 cc of phenolphthalein indicator soln. 
.Add the wine and titrate rapidly to a distinct pink. Heat the portion of wine to be 
titrated to incipient boiling to remove CO2 (all wines, still or gaseous) and transfer 
it to the dish with a portion of the neutralized H 2 O. The quantity to be used de- 
pends on the depth of color of the wine; it is generally 5 cc for deeply colored red 
wine and 20 cc for white wine. 

(b) Azolilmin. — Measure 20 cc of the wine into a 250 cc beaker, heat rapidly to 
incipient boiling, and immediately titrate with 0.1 A' NaOH soln. Determine the 
end point with neutral 0.05% azolitmin soln as an outside indicator. Place tlie in- 
dicator in the cavities of a spot plate and spot the wine into the azolitmin soln. The 
end point is reached when the color of the indicator remains unchanged by the 
addition to the wine of a few drops of 0.1 A"^ alkali. 

(c) Phenolphthalein powder (artificially colored wines). — Into the cavities of a 
spot plate place a mixture of one part of phenolphthalein and 100 parts of dry 
powdered K 2 S 04 and spot the wine into the powder. (The end of the titration is 
indicated when the powder acquires a pink tint. The powder should not be too fine. 
The addition of neutral alcohol to the wine will facilitate the flow of the wine into 
the powder.) Tilt the spot plate and allow the wine to flow into the powder from 
the tip of a heavy .stirring rod. 

Express the results in term.s of tartaric acid. 1 cc of 0.1 N XaOH soln =0.0075 g 
of tartaric acid. 

TOTAL VOLATILE ACIDITY 

23 Method I — Official 

Heat rapidly to incipient boiling 50 cc of the wine in a 500 cc distillation flask and 
pass steam thru until 15 cc of the distillate requires only 2 drops of 0.1 N NaOH 
soln for neutralization. Boil the HjO used to generate the steam several minutes 
before connecting the steam generator with the distillation flask in order to expel 
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CO3. Titrate rapidly with 0.1 V NaOH soln, using phenolphthalein indicator. (The 
color should remain about 10 seconds.) Express results as acetic acid. 1 cc of 0.1 N 
NaOH soln =0.0060 g of acetic acid. 

24 Method IV — Official 

(Preferred for wines containing an abnormal quantity of acetic acid.) 

Introduce 10 cc of the wine, previously freed from CO 2 by heating to incipient 
boiling, into the inner tube of a modified Sellier distillation apparatus (Fig. 17); 
add a small piece of paraffin to prevent foaming, and adjust the tube and its con- 
tents in place within the larger flask, which contains 100 cc of recently boiled II 2 O. 



FIG. 17 .— APPARATUS FOR THE DETERMINATION OF VOLATILE ACIDITY 

Connect with a condenser as illustrated in the figure and distil by heating the outer 
flask. When 50 cc of the distillate has been collected, empty the receiver into a 
beaker and titrate with 0.1 N NaOH soln, using phenolphthalein indicator. Con- 
tinue the distillation and titrate each succeeding 10 cc of distillate until not more 
than 1 drop of standard alkali is required to reach the neutral point. Usually 80 cc 
of distillate will contain all the volatile acids. 

25 TOTAL ACIDITY— EXCLUSIVE OF SO2 

As directed under XXXII, 33, determine SO 2 in the distillate obtained under 23 
or 24. Calculate in terms of acetic acid and subtract from the total volatile acidity. 

26 FIXED ACIDITY-OFFICIAL 

Calculate the fixed acidity as tartaric by multiplying the total volatile acidity 
by 1.25 and subtracting this product from the total acidity. 

27 TOTAL TARTARIC ACID? -OFFICIAL 

Neutralize 100 cc of the sample with N NaOH soln, calculating from the acidity, 
22, the number of cc of N alkali necessary. If the volume of the soln is increased 
more than 10% by the addition of the alkali, evaporate to approximately 100 cc. 
Add to the neutralized soln 0.075 g of tartaric acid for each cc of N alkali added. 
It is essential that the tartaric acid be pure; if necessary recrystallize. After the 
tartaric acid has dissolved add 2 cc of glacial acetic acid and 15 g of KCl. After the 
KOI has dissolved, add 15 cc of 95% alcohol, stir vigorously until the K bitartrate 
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begins to precipitate, and let stand in an ice box at 15-18° for at least 15 hours. 
Decant the liquid from the separated K bitartrate on a Gooch crucible prepared 
with a very thin film of asbestos, or on filter paper in a Buchner funnel. Wash the 
precipitate from the beaker with the filtrate (keep cold) and finally rinse the beaker 
and filter 3 times with a few cc of a mixture of 15 g of KCl, 20 cc of 95% alcohol, 
and 100 cc of II2O, using not more than 20 cc of the wash soln in all. Transfer the 
asbestos or paper and precipitate to the beaker in which the precipitation was 
made; wash the Gooch crucible or Buchner funnel with hot H2O, using about 50 cc 
in all; heat to boiling and titrate the hot soln with 0.1 iV NaOH soln, using phenol- 
phthalein indicator. Increase the number of cc of 0.1 N alkali required by 1.5 cc 
to allow for the solubility of the precipitate. Under these conditions 1 cc of 0.1 iV 
alkali =0.015 g of tartaric acid. To obtain the g of total tartaric acid per 100 cc 
of the wine, subtract the quantity of tartaric acid added from this result. 

28 FREE TARTARIC ACED AND CREAM OF TARTARS OFFICIAL 

Calculate in the following manner; 

A =total tartaric acid, 27, divided by 0.015; 

B = total alkalinity of the ash (C + D); 

C = alkalinity of water-soluble ash, 17; and 
D = alkalinity of water-insoluble ash, 18. 

Then 

(1) If A is greater than 

Cream of tartar = 0,0188XC, and 
Free tartaric acid =0.015 X {A — B ) ; 

(2) If A equals B or is smaller than B but greater than (\ 

Cream of tartar =0.01 88 XC, and 
Free tartaric acid =0; and 

(3) If A is smaller than C, 

Cream of tartar =0.0188 X-1, and 
Free tartaric acid =0. 

29 CITRIC AND MALIC ACIDS— TENTATIVE 

For citric and malic acids occurring in normal wines in small quantities only, 
use 100 cc of sample and evaporate to 45 cc. After saponification proceed as directed 
under XXVI. 

TANNIN AND COLORING MATTER— OFFICIAL 

30 REAGENTS 

(a) Oxalic acid soln . — 0.1 N. 1 cc =0.00416 g of tannin. 

fb) Standard potassium permanganate sofa.— Dissolve 1.333 g of KMnO^ in 1 liter 
of H2O and standardize the soln against ('a). 

(c) Indigo soln. — Dissolve 6 g of Xa indigotin sulfonate in 500 cc of H2O by heat- 
ing; cool, add 50 cc of H2SO4, make up to 1 liter, and filter. 

(d) Purified honehlack. — Boil 100 g of finely powdered boneblack with successive 
portions of HCl Tl -|-3), filter, and wash with Imiling fl20 until free from chlorides. 
Keep covered with HoO, 

31 U ET E R M I V A T I O N * 

Dealcoholize 100 cc of the wine by evaporation and dilute with H2O to the 
original volume. Transfer 10 cc to a 2 liter porcelain dish and add about 1 liter of 
H2O and exactly 20 cc of the indigo sr)ln. Add the standard KMnOi soln, 1 cc at a 
time, until the blue color changes to green; then add a few drops at a time until the 
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color becomes golden yellow. Designate the number of cc of KMnOi soln as 
Treat 10 cc of the prepared dealcoholizcd wine for 15 min. with boneblack, filter, 
and wash thoroly with H2O. Add 1 liter of H2O and 20 cc of the indigo soln and 
titrate with KMnO*, as directed above. Designate the number of cc of KMn04 
used as 

Then 0 — 5 = 0, the number of cc of the KMnO^ soln required for the oxidation of 
the tannin and coloring matter in 10 cc of the wine. 

^2 CRUDE PROTEIN— OFFICIAL 

Determine N in 50 cc of the wine as directed under II, 21, 23, or 25, and multiply 
the result by 6.25. 

33 PENTOSANS— OFFICIAL 
(Applicable to dry wines only.) 

Proceed as directed under XXVII, 36, except to use 100 cc of the wine and 43 cc 
of HCl in beginning the distillation. (Owing to the interference of sugars this deter- 
mination can be made in dry wines only.) 

34 GUM AND DEXTRIN— TENTATIVE 

Evaporate 100 cc of the wine to about 10 cc and add 10 cc of 95% alcohol. If gum 
or dextrin is present (indicated by the formation of a voluminous precipitate), con- 
tinue the addition of alcohol, slowly and with stirring, until 100 cc has been added. 
Let stand overnight, filter, and wash with alcohol, 80% by volume. Dissolve the 
precipitate on the paper with hot H2O, hydrolyze the filtrate and washings with 
HCl, and proceed as directed under XXVII, 31. 

35 NITRATES— TENTATIVE 

(a) White wine . — Treat a few drops of the wine in a porcelain dish with 2-3 cc of 
II2SO4 that contains about 0.1 g of diphenylamine'^ per 100 cc. The deep blue color 
formed in the presence of nitrates appears so quickly that it is not obscured, even 
in sweet wine, by the blackening produced by the action of H2SO4 on the sugar. 

(b) Red wine . — Clarify with basic Pb acetate, filter, remove the excess of Pb 
from the filtrate with Na2S04, filter again, and treat a few drops of this filtrate as 
directed under (a). 

36 COLORING MATTERS— TENTATIVE 
Proceed as directed under XXI. 

37 PRESERVATIVES— OFFICIAL 

Proceed as directed under XXXII. The determination of SO2 should be quantita- 
tive. The occurrence of small quantities of salicylic acid in the grape has been re- 
ported in the literature and for that reason not more than 50 cc of sample should be 
used in testing for that preservative. Concord grapes contain 3.2 mg of salicylic 
acid per 100 cc of juice.® 


SELECTED REFERENCES 

1 J. Irid. Eng. Chem., 1, 31 (1009). 

2 IL S. Dept. Agr. Bur. Chem. Bull. 162, p. 72. 

^ Ibid., p. 75. 

< Ann. Oenologie, 2, 1 (1871-72). 

® Arch. Hyg., 2, 273 (1884). 

® J. Am. Chem. Soc., 25, 242 (1903) 
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XVL DISTILLED LIQUORS 

SPIRITS 

1 PHYSICAL EXAMINATION— TENTATIVE 

Note and record the following: (1) color and depth of color; (2) odor — whiskey, 
brandy, rum, etc., or foreign; (3) taste — whiskey, brandy, rum, etc., or foreign. 

2 SPECIFIC GRAVITY— OFFICIAL 

Determine the specific gravity at 20/20° by means of a pycnometer, as directed 
under XIV, 3, or by means of a small, accurately graduated hydrometer. 

3 ALCOHOL BY WEIGHT -OFFICIAL 

Weigh 20-25 g of the sample into a distillation flask, dilute with 100 cc of H 2 O, 
and distil nearly 100 cc. Weigh the distillate or make to volume at room temp., 
noting the temp. In either case determine the sp. gr. as directed under XIV, 3, at 
room temp, if desired. Obtain the corresponding percentage of alcohol by w^eight 
from Tables 19 and 21, XLII, multiply this figure by the weight of the distillate, 
and divide by the weight of the sample taken. 

The alcohol content of the distillate may be checked by determining the im- 
mersion refractometer reading and obtaining the percentage of alcohol from Table 
20, under XLII. 

ALCOHOL BY VOLUME 

4 \fei'hod 1 — O^dal 

From the sp. gr. of the distillate obtained under 3 ascertain the corresponding 
percentage of alcohol by volume from XLII, Table 19. Multiply this figure by the 
volume of distillate and divide by the volume of the sample (calculated from the 
sp. gr.) to obtain the percentage of alcohol by volume in the original sample. 

5 Method fl—Oficial 

Measure 25 cc of the sample into a distillation flask, noting the temp., dilute 
with 100 cc of H 2 O, distil nearly 100 cc, make to volume at the same temp., and 
determifie the sp. gr. as directed under XIV, 3. Obtain, from Table 19, XLII, the 
corresponding percentage of alcohol by volume in the distillate and multiply by 4 
to obtain the percentage of alcohol by volume in the original substance. 

The alcohol content of the distillate may be checked by determining the immer- 
sion refractometer reading and obtaining the percentage of alcohol from Table 
20, XLII. 

6 EXTRACT OFFICIAL 

Weigh, or nteasiire at 20°, 100 cc of the sample, evaporate nearly to dryness on a 
steam bath, transfer to a water oven, and dry at the temp, of boiling U 2 O for 2.5 
hours. 

7 ASH— OFFICIAL 

Proceed as directed under XXVII, 8, using the residue from the determination of 
the extract, 6. 

8 ACIDITY OFFICIAL 

Titrate 100 cc of the sample (or 50 cc diluted to 100 cc if the sample is dark) with 
O.l X alkali, using phenolphthalein indicator. F^xpress the result as acetic acid. 
1 cc of 0,1 A' alkali =0.0060 g of acetic acid. 
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9 ESTERS— OFFICIAL 

Measure 100-200 cc of the sample into a distillation flask, add 12.5-25 cc of HaO, 
and distil slowly 100-200 cc, depending upon the amount of sample taken, using a 
mercury valve to prevent loss of alcohol. Exactly neutralize the free acid in 50 cc 
of the distillate with 0.1 V alkali and add a measured excess of 26-50 cc of 0.1 N 
alkali. Then either boil for an hour under a reflux condenser, cool, and titrate with 
0.1 iV acid, or allow the soln to stand overnight in a stoppered flask with the excess of 
alkali, heat with a tube condenser for 30 min. at a temp, below the boiling point, 
cool, and titrate. Calculate the number of cc of 0.1 N alkali used in the saponification 
of the esters as ethyl acetate. 1 cc of 0.1 AT alkali =0.0088 g of ethyl acetate. Run a 
blank, using HjO in place of the distillate, and make any necessary correction, 

ALDEHYDES— OFFICIAL 

10 REAGENTS 

(a) Aldehyde-free alcohol. — Redistil 95% alcohol over NaOH or KOH, add 2-3 
g per liter of metaphenylenediamine hydrochloride, digest at ordinary temp, for 
several days (or under a reflux condenser on a steam bath for several hours), and 
distil slowly, rejecting the first 100 cc and the last 200 cc of the distillate. 

(b) Sulfite-fuchsin soln. — Dissolve 0.50 g of pure fuchsin in 500 cc of H 2 O, add 
5 g of SO 2 dissolved in H 2 O, make up to 1 liter, and allow to stand until colorless. As 
this soln decomposes rapidly, prepare it in small quantities and keep at a low' temp. 

(c) Standard acetaldehyde so/n.— Prepare according to the directions of Vasey,^ as 
follows: Grind aldehyde ammonia in a mortar with anhydrous ether and decant the 
ether. Repeat this operation several times and dry the purified salt in a current of 
air and then in vacuo over H 2 S 04 . Dissolve 1.386 g of this purified aldehyde am- 
monia in 50 cc of 95% alcohol, add 22.7 cc of N alcoholic H 2 SO^, make up to 100 cc 
and add 0.8 cc of alcohol for the volume of the (NH 4 ) 2 S 04 precipitate. Allow the 
mixture to stand overnight, and filter. This soln contains 1 g of acetaldehyde in 
100 cc and will retain its strength. 

The standard found most convenient for use is 2 cc of this strong aldehyde soln 
diluted to 100 cewnth alcohol, 50% by volume. 1 cc of this soln = 0.0002 g of acet- 
aldehyde. Make up the soln every day or so, as it loses strength, 

11 DETERMINATION 

Determine the aldehyde in the prepared distillate, 9. Dilute 5-10 cc of the dis- 
tillate to 50 cc with aldehyde-free alcohol, 50% by volume; add 25 cc of the sulfite- 
fuchsin soln, and allow to stand for 15 min. at 15°. The solns and reagents should 
be at 15° when they are mixed. Prepare standards of known strength and blanks in 
the same w’ay. The comparison standards found most convenient for use contain 
0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mg of acetaldehyde. 

FURFURAL— OFFICIAL 

12 REAGENT 

Standard furfural soln.— Dissolve 1 g of redistilled furfural in 100 cc of 95% al- 
cohol. Prepare standards by diluting 1 cc of this soln to 100 cc with alcohol, 50% 
by volume. I cc of this soln contains 0.1 mg of furfural. (The strong furfural soln 
will retain its strength, but the dilute soln will not.) 
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13 DETEKMINATION 

Dilute 10-20 cc of the prepared distillate, 9, to 50 cc with furfural-free alcohol, 
50% by volume. Add 2 cc of colorless aniline and 0.5 cc of HCl (sp. gr. 1.125) and 
keep for 15 min. in a water bath at about 16°. Prepare standards of known strength 
and blanks in the same way. The comparison standards found most convenient 
for use contain 0.05, 0.1, 0.15, 0.2, 0.25, and 0.3 mg of furfural. 

DETECTION OF ACETONE, KETONES, ISOPROPYL ALCOHOL, 

AND TERTIARY BUTYL ALCOHOL- TENTATIVE 

14 REAGENT 

Mercuric sulfate Mix 5 g of yellow HgO in 40 cc of H2O, add with stirring 

20 cc of H5SO4 and 40 cc of H2O, and stir until completely dissolved. 

15 DETERMINATION 

To 2 cc of distillate, 9, add 3 cc of H2O and 10 cc of the mercuric sulfate soln. 
Heat on the boiling water bath for 3 min. A white or 3^ellow precipitate forming 
within 3 min. indicates the presence of any of the above-mentioned compounds. 
Any precipitate forming after 3 min. on the boiling water bath should be dis- 
regarded. 

FUSEL OEL—OFFICIAL 

15 REAGENTS 

(a) Purified carbo7i tetrachloride . — Mix in a separatory funnel crude CCh with 
l/TO its volume of H2SO4, shake thoroly at frequent intervals, and allow' to stand 
overnight. Wash free of acid and impurities with tap H2O, remove the II 2O, add 
an excess of XaOH soln, and distil the CCU. 

The refuse CCI4 after titration is purified for further w^ork by collecting in a large 
bottle, adding XaOH soln (1 + 1), shaking, washing with tap H2O until the washings 
are neutral to phenolphthalein, and distilling. 

(b) Oxidizing soZn.— Dissolve 100 g of KaCraOT in 900 cc of H3O and add 100 cc 
of H2SO4. 

17 DETERMINATION 

(1) To 50 CC of the sample add 50 cc of H2O then 20 cc of 0.5 A' NaOH, and 
saponify the mixture by boiling for an hour under a reflux condenser; or, (2) mix 
50 cc of the liquid and 50 cc of H2O w ith 20 cc of 0,5 A^ NaOH, allow to stand over- 
night at room temp., and distil directly. Connect the flask with a distillation ap- 
paratus, distil 90 cc, add 25 cc of H2O, and continue the distillation until an addi- 
tional 25 cc is collected. 

Whenever aldehydes are present in excess of 15 parts per 100,000, add to the dis- 
tillate 0.5 g of metaphenylenediamine hydrochloride, boil under a rehux condenser 
for an hour, distil 100 cc, add 25 cc of H2O, and continue the distillation until an 
additidnal 25 cc is collected. Approximately saturate the distillate with finely 
ground NaCl and add saturated NaCl soln until the sp. gr. is 1.10. Extract this salt 
soln 4 times with the purified (N’U, using 40, 30, 20, and 10 cc, respectively, and 
w'a.sh the CCU 3 times with 50 cc portions of saturated NaCl soln, and twice with 
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saturated Na2S04 soln. Transfer the CCh to a flask containing 50 cc of the oxidizing 
Roln and boil for 8 hours under a reflux condenser. 

Add 100 cc of H20 and distil until only about 50 cc remains. Add 50 cc of H2O 
and again distil until 35-50 cc is left. Use extreme care to prevent the oxidizing mix- 
ture from burning and baking on the side of the distilling flask. The distillate should 
be water white; if it is colored discard it and repeat the determination. Titrate the 
distillate with 0.1 iV NaOH, using phenolphthalein indicator. 1 cc of 0.1 A NaOH = 
0.0088 g of amyl alcohol. 

If preferred, use rubber stoppers in the saponification and first distillation, but 
use corks covered with tinfoil in the oxidation and second distillation. Renew the 
corks and tinfoil frequently. 

Conduct a blank determination upon 100 cc of CCI4, beginning the blank at that 
point of the procedure immediately after the extraction and just before the wash- 
ings with NaCl and Na2S04 solns. 

18 SUGARS— OFFICIAL 

Proceed as directed under XXXIV. 

METHYL ALCOHOL 

19 Trillat Method^ — OJficial 

To 50 cc of the sample add 50 cc of H20 and 8 g of lime and fractionate by the aid 
of Glinsky bulb tubes. Dilute the first 15 cc of the distillate to 150 cc, mix with 15 g 
of K2Cr2Q7 and 70 cc of H2SO4 (1+5), and allow to stand for 1 hour, shaking oc- 
casionally. 

Distil, reject the first 25 cc, and collect 100 cc. Mix 50 cc of the distillate with 1 cc 
of redistilled dimethylaniline, transfer to a stout tightly stoppered flask, and keep 
on a bath at 70-80'’ for 3 hours, shaking occasionally. Make distinctly alkaline with 
NaOH soln and distil off the excess of dimethylaniline, stopping the distillation 
when 25 cc has passed over. 

Acidify the residue in the flask with acetic acid, shake, and test a few cc by add- 
ing 4 or 5 drops of a 1% suspension of Pb02. If methyl alcohol is present, there 
occurs a blue coloration, which is increased by boiling. Ethyl alcohol thus treated 
yields a blue coloration, which changes immediately to green, later to yellow, and 
becomes colorless when boiled. 

20 Riche and Bardy Method^ — O^cial 

The following method depends on the formation of methylaniline violet: 

Place 10 cc of the sample, previously redistilled over K2CO3 if necessary, in a 
small flask with 15 g of I and 2 g of red P. Keep in ice H2O for 10-15 min. or until 
action has ceased. Distil on a water bath into about 30 cc of H2O, the methyl and 
ethyl iodides formed. Wash with dilute alkali to eliminate free I. Separate the 
heavy, oily liquid that settles and transfer to a flask containing 5 cc of aniline. If the 
action is too violent, place the flask in cold H2O; if too slow, stimulate by gently 
warming the flask. After an hour boil the product with H2O, cool, and add about 
20 cc of 15% NaOH soln; when the bases rise to the top as an oily layer, fill the 
flask up to the neck with H2O and draw them off with a pipet. Oxidize 1 cc of the 
oily liquid by adding 10 g of a mixture of 100 parts of clean sand, 2 of NaCl, and 3 
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of CufNOs)*; mix thoroly; transfer to a glass tube; and heat to 90® for 8-10 hours. 
Exhaust the product with warm alcohol, filter, and dilute to 100 cc with alcohol. 
If the sample is free from methyl alcohol, the liquid has a red tint, but in the pres- 
ence of 1% of methyl alcohol it has a distinct violet shade; with 2.5% the shade 
is very distinct and still more so with 5%. To detect more minute quantities of 
methyl alcohol, dilute 5 cc of the colored liquid to 100 cc with H 2 O and dilute 5 cc 
of this again to 400 cc. Heat the liquid thus obtained in a porcelain dish and immerse 
in it a fragment of white merino (free from S) for 30 min. If the alcohol is pure, the 
wool will remain white, but if methyl alcohol is present the fiber will become violet, 
the depth of tint giving a fairly approximate indication of the proportion of methyl 
alcohol. 

Modified Denigh Method* — Tentative 

21 REAGENTS 

(a) Potassium permanganaie soln. — Dissolve 3 g of KMn 04 in 15 cc of 85% 
H3PO4 and make up to 100 cc with II 2 O. 

(b) Oxalic acid soln. — Dissolve 5 g of oxalic acid in 100 cc of H 2 SO 4 (1 + 1). 

(c) Schiff*s reagent. — Dissolve 0.2 g of rosanilinc hydrochloride in 120 cc of hot 
H 2 O, cool, add 2 g of anhydrous Xa 2 S()s dissolved in 20 cc of IDO, and 2 cc of HCl, 
make up to 200 cc, and store in well-filled glass-stoppered amber bottles. 

22 PROCEDURE 

Dilute the alcoholic beverage to 5% total alcohol by volume. Transfer 5 cc of this 
soln to a 6-in. test tube, add 2 cc of the KMnO* soln, and let stand 10 min. Remove 
the excess of KMn 04 by the addition of 2 cc of the oxalic acid soln. AvS soon as the 
KMnO* is decolorized add 5 cc of Schiff's reagent. Mix thoroly and let stand 10 
min. If HCHO is present, the characteristic reddish purple color is produced. 

Run blanks on pure ethyl alcohol and on ethyl alcohol containing about 1% of 
methanol. 

23 Immersion Refractometer Metho(T — OJficial 

Determine the Zeiss immersion refractometer reading at 17. S'* of the distillate 
obtained in the determination of alcohol. If, on reference to the table, 24, the re- 
fractometer reading shows a sp. gr. agreeing with that obtained in the alcohol de- 
termination, it may be assumed that no methyl alcohol is present. If, however, 
there is present an appreciable quantity of methyl alcohol, the low reading will at 
once indicate the fact. If the absence from the soln of refractive substances other 
than H 2 O and the alcohols is assured, this difference in refraction is conclusive of 
the presence of methyl alcohol. 

The addition of methyl alcohol to ethyl alcohol decreases the refractive index in 
direct proportion to the quantity added; hence the quantitative calculation is 
made by interpolation in the table, 24 , of the figures for pure ethyl and methyl 
alcohol of the same sp. gr. as the sample. 

Example. — The distillate has a sp. gr. at 15.56® of 0.9625 and a refractometer 
reading at 17.5® of 43.1. By interpolation in the table, the readings for ethyl and 
methyl alcohol of this gravity are 65.2 and 31.7, respectively, and the difference is 
33.5; 65.2-43.1 =22.1; (22.1 -h 33.5) 100 =66.0, showing that 66.0% of the total 
alcohol present is methyl alcohol. 
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24 


Scale readings on the Zeiss immersion refraciometer at 17.5°, 
corresponding specific gravities of ethyl and methyl alcohol solutions 


SP. QR. SCALa BBADINOB SP. GR, SCALE READINGS 

15.56“ — — — DIFFER- 15.56“ DIFFER- 

ETHYL I METHYL ENCE3 ETHYL METHYL ENCE3 

15.56“ ALCOHOL ALCOHOL 15.56® ALCOHOL ALCOHOL 


1.0000 15.0 15.0 0.0 

.9990 15.8 15.3 .5 

.9980 16.6 15.6 1.0 

.9970 17.5 15.9 1.6 

.9960 18.5 16.2 2.3 

.9950 19.4 16.5 2.9 

.9940 20.4 16.9 3.5 

.9930 21.4 17.2 4.2 

.9920 22.5 17.5 5.0 

.9910 23.6 17.9 5.7 

.9900 24.7 18.2 6.5 

.9890 25.9 18.6 7.3 

.9880 27.1 19.0 8.1 

.9870 28.4 19.5 8.9 

.9860 29.6 19.9 9.7 

.9850 31.0 20.4 10.6 

.9840 32.4 20.8 11.6 

.9830 33.8 21.3 12.5 

.9820 35.2 21.8 13.4 

.9810 36.7 22.3 14.4 

.9800 38.3 22.8 15.5 

.9790 39.9 23.4 16.5 

.9780 41.5 24.0 17.5 

.9770 43.1 24.5 18.6 

.9760 44.8 25.0 19.8 

.9750 46.5 25.5 21.0 

.9740 48.2 26.0 22.2 

.9730 49.8 26.5 23.3 


.9720 51.5 27.0 24.5 
.9710 53.0 27.5 25.5 
.9700 54.6 28.1 26.5 
.9690 56.1 28.7 27.4 
.9680 57.6 29.2 28.4 
.9670 59.1 29.6 29.5 
.9660 60.6 30.1 30.5 
.9650 62.0 30.6 31.4 
.9640 63.3 31.0 32.3 
.9630 64.6 31.5 33,1 
.9620 65.8 31.9 33.9 
.9610 67.0 32.4 34.6 
.9600 68.1 32.8 35.3 
.9590 69.2 33.3 35.9 
.9580 70.2 33.7 36.5 
.9570 71.2 34.1 37.1 
,9560 72.1 34.5 37.6 
.95.50 73.0 34.9 38.1 
.9540 73.8 35.3 38.5 
.9530 74.6 35.6 39.0 
.9520 75.4 35.9 39.5 
.9510 76.2 36.2 40.0 
.9500 ' 76.9 36.5 40.4 
.9490 77.6 36.8 40.8 
.9480 78,3 37.0 41.3 
.9470 79.0 37.3 41.7 
.9460 79,7 37.0 42.1 


I'he scale readings are applicable only to instruments calibrated in the arbitrary scale units proposed 
by Pulfrich, Z. ancjeic. Chem., 1899, p. 116S. According to this scale, 14.5^ 50.0^1,34650, and 

100.0 = 1.36464. If the instrument used is calibrated in other arbitary units, the refractive index correspond- 
ing to the ob.served reading can be converted into the equivalent Zeiss reading by referring to Table 24 


Quantitative M ethoif '- — Tentative 

25 FREPAR.ATION’ OF SAMPLE 

Transfer to a tlistilliiig flask a Quantity of sample that contains 20—25 cc of 
absolute alcohol and distil slowly, collecting the distillate in a 50 cc volumetric 
flask. When nearly to the mark, disconnect the receiver and adjust to the mark 
at room temp, with 1120. Determine methyl alcohol as directed under 28, or under 

XXXIX, 103. 

26 APPARATUS 

Connect by a stopcock (C), a reaction flask (A) with a bulb holding about 50 cc. 
and a side inlet tube (B) to a reservoir (D) of about 25 cc capacity. The reaction 
flask also has a second side tube (E) thru which CO 2 is conducted to help carry 
over the iodides into the receiving flask (F) and thru the condenser (G), which is 
surrounded by a 12 in, water jacket (H). Maintain the H^O in the jacket at 50-55° 
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by means of H 2 O in the flask (I) heated by the burner (J), Surround the reaction 
flask. by the bath (K), which contains ice and H 2 O at the beginning of the operation 
and is later heated by a flame and maintained at 75-80*^ during the remainder of 
the determination. By means of a ground-glass joint connect the outlet tube of the 
condenser to the tube M, which extends to the bottom of the receiving flask thru 
one hole of a two-holed rubber stopper. Have the tube N pass thru the second hole 
of the same stopper and from thence to an empty 50 cc Erlenmeyer flask (0), from 
which a second tube (P) passes below the surface of the dilute H 2 S 04 contained in 
the second 50 cc Erlenmeyer flask (Q), which is also fitted with an outlet tube (R) 
leading to the surrounding atmosphere. Convey the overflow from the condenser 
to the beaker (S) thru the tube (T), passing thru the stopper (U), which also holds 
the thermometer (V). Keep the receiving flask (125 cc Erlenmeyer) cold by immers- 
ing it in the bath (W) containing ice and H 2 O. 

To collect the precipitate, use sintered glass filtering crucibles similar to Jena 
No. 1 G 4. 

27 REAUENTS 

(a) Trimi’fhylamme soln . — -Cool 100 g of anhydrous trirnethylaminc in the sealed 
container below the boiling point ( +3'') with ice and salt or by placing overnight in 
a cold room maintained at a temp, below freezing. Similarly, cool about I liter of 
absolute alcohol and a 1 liter graduated flask. Transfer about 700 cc of the absolute 
alcohol to the flask, open the container of the trirnethylaminc, and transfer the 
liquid to the flask, washing out the vessel with small portions of the cold absolute 
alcohol. Fill the flask to within 50 -75 cc of the mark with the alcohol, mix, warm 
gradually to the temp, of the laboratory, fill to the mark with absolute alcohol, 
and mix thoroly. 

(b) Wa-sh sohi . — Place about 0.25 g of tetramethylammonium iodide, obtained 
from a determination of methoxyl, in a 500 cc flask, fill to a convenient height with 
absolute Jilcohol, stopper, and shake to saturate the liquid with the salt. Filter the 
soln as needed thru a white ribbon filter paper. 

fc) Carboji dioxide . — Obtain from a tank fitted with a reducing valve and a 
rubber tube connected to the reaction flask. 

28 DETERMINATION 

Raise the temp, of the II 2 O in the condenser jacket fH) to 50 55° by means of 
the flame under the flask O). Place 15 g of I and 2 g of red phosphorus in the re- 
action flask A, attach the flask to the apparatus, and surround it with the bath of 
ice and H 2 O <'K). Introduce 2.5 cc of 95% alcohol into the reaction flask thru the 
reservoir fD). Mea.sure into the reservoir 10 20 cc of the sample, which should 
contain not more than 0.1 GO g of methyl alcohol nor more than 7 cc of ethyl alcohol. 
Place 25 cc of wa.sh soln in the receiving flask (F), connect the flask to the apparatus 
by means of tube M, and surround it with the bath containing ice and H 2 O (W). 
Attach the CO 2 tank and .so adjust as to make it possible to start the current of 
gas at a moment’s notice. Stir the ice and II 2 O in the bath to cool the reaction flask 
to as near 0° as possible. Now adjust the stopcock fC) so that the sample will flow 
slowly down the cold sides of the reaction flask (A), (The addition of 10 cc of sample 
should require 3 5 min.) Stir the ice and H 2 O constantly during the addition. When 
all the sample has run in, wa.sh the sides of the reservoir with two or three small 
portion.s of H 2 O, using 5 10 cc, and add the w^ashings to the contents of the reaction 
flask. Fill the reservoir with H 3 O to prevent leakage. Remove the icc from the bath, 
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leaving the cold H 2 O. (At this point it will be noticed that the mixture in the re- 
action flask consists of two layers; the bottom one, dark red; the upper one, color- 
less or nearly so. The two layers will gradually mingle. If vapors of HI are seen to 
rise from the surface of the liquid, due to violence of the reaction during the mixing 
of the two layers, cool by stirring the bath, adding a small piece of ice if necessary 
to prevent the mixture from boiling or giving off acid vapors too rapidly.) 

When the contents of the reaction flask have become homogeneous except for the 
floating particles of phosphorus, place a burner under the bath and heat fairly 
rapidly to 75°. During the heating add to the receiving flask 10 cc of trimethylamine 
soln and 25 cc of wash soln, and attach the flask containing the dilute H 2 SO 4 to 
prevent the trimethylamine from escaping into the air. When the contents of the 
reaction flask begin to boil, turn on the CO 2 at the rate of about 50 bubbles per 
min., counting them as they arise from the tube in the receiving flask. Allow the 
distillation to proceed for 1.5-2 hours, maintaining the temp, of the bath at 75-80°, 
the jacket (H) at 50 55°, and the bath (W) at or near 0 °. 

Disconnect the receiving flask and wash out the tube (M) with 10-15 cc of wash 
soln, using a rubber policeman to scrub off any crystals that may adhere to the 
outside of the tube and a small glass rod to remove crystals from the inside, if 
necessary. Stopper the flask and let stand at room temp, overnight. (The stopper 
should remain loose until the contents of the flask have reached the temp, of the 
room.) Filter the mixture on a weighed sintered glass crucible, using 35-40 cc of 
wash soln to transfer the precipitate from the flask to the crucible. If the filtrate 
becomes cloudy or crystals separate out, do not be concerned, since the soln may 
contain large quantities of trimethylethylammonium iodide, which is only soluble 
to the extent of about 4 g per 100 cc of absolute alcohol, and large quantities of 
crystals are deposited due to the rapid evaporation of the alcohol in the suction 
flask. At this point wash off the outside of the crucil)le with 95% alcohol to remove 
the crystals of trimethylethylammonium iodide that have formed on the bottom 
and lower sides of the crucible, and suck dry. Now wash the contents and inside of 
the crucible three times in the following manner: Turn off the suction, ad<l about 
5 cc of wash soln by pouring down the sides of the crucible, and mix the liquid with 
the crystals by rotating the crucible or by stirring up the contents with a small 
glass rod or a fine stream of wash soln from a wash bottle. Wash off the rod. ('over 
the crucible with a small watch-glass and let stand 2-3 min. Suck dry. After the 
third washing, remove the crucible from the holder, and carefully wash off the 
outside of the crucible with 95% alcohol, sucking dry at once if any liquid gets on 
the bottom of the sinter. Dry at 100-110° for 1 hour, cool in a desiccator, and 
weigh. The weight of precipitate Xthe factor 0.1.5933 = the corre.sponding weight 
of methyl alcohol in the portion taken for analysis. 

In determining 5 mg or less, Pregl filtering tu})es may be used to advantage. 

29 COLORING MATTERS— TENTATIVE 

Proceed as directed under XXI, 2 and 8-24, inc. 

30 WATER-INSOLUBLE COLOR- TENTATIVE 

Evaporate 50 cc of the sample just to dryness on a steam bath. Take up with 
approximate!)* 15 cc of cold H 2 O, filter, and wash until the filtrate amounts to 
nearly 25 cc. To this filtrate add 25 cc of absolute alcohol, or 20.3 cc of 95% alcohol, 
and make up to 50 cc with H 2 O. Mix thoroly and compare in a colorimeter with 
the original material. Calculate from these readings the percentage of color insoluble 
in H 2 O. 
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31 COLOR INSOLUBLE IN AMYL ALCOHOL— TENTATIVE 

Evaporate 50 cc of the sample just to dryness on a steam bath. Dissolve the resi- 
due in H 2 O and 95% alcohol and make to a volume of 50 cc, using a total volume 
of 26.3 cc of 95% alcohol. Place 25 cc of this soln in a separatory funnel and add 20 
cc of freshly shaken Marsh reagent (100 cc of pure amyl alcohol, 3 cc of sirupy 
H3PO4, and 3 cc of HgO), shaking lightly so as not to form an emulsion. Allow the 
layers to separate and repeat this shaking and standing twice. After the layers have 
separated completely draw off the lower or aqueous layer, which contains the cara- 
mel, into a 25 cc cylinder and make up to volume with alcohol, 50% by volume. 
Compare this soln in a colorimeter with the untreated 25 cc. Calculate from this 
reading the percentage of color insoluble in amyl alcohol. 

ARTIFICIAL COLORS 

32 Marsh TesV —Tentative 

To 10 cc of the sample in a 20 cc test tube, add sufficient Marsh reagent (31) to 
nearly fill the tube, and shake several times. Allow the layers to separate. Color in 
the lower layer indicates that the sample has been colored with caramel, a coal tar 
dye, or with extractive material from uncharred white oak chips. 

In the absence of any color, test 10 cc in the same manner, using sufficient fusel 
oil, amyl alcohol, or pentasol to nearly fill the tube, and shaking several times. 
A deeply colored lower layer is an indication of a coal tar dye. Ascertain its identity 
as directed under XXI. To confirm caramel apply the following modified Marsh test. 

33 Modified Marsh TesT’ — Official^ First Action 

Place 25 cc of the spirits in a 150 cc beaker marked to show volumes of 13 cc and 
of 25 cc; add 0.5 cc of glacial acetic acid, 0.75 g of zinc acetate crystals, U.S.P., and 
mix. When the crystals are nearly dissolved, boil down rapidly over a flame to the 
13 cc mark, stirring frequently to prevent bumping or spattering. If the liquid 
should inadvertently go below the 13 cc mark, fill to that mark with HjO and set 
aside to cool. When cooled to room temp, fill to the 25 cc mark with 95% alcohol, 
mix, and allow to stand 2-3 min. Mix again, and filter thru a double filter (folded 
or S. & S. white ribbon). Mix the filtrate and transfer 6 cc to a 6 in. test tube; add 
12 cc of Marsh reagent, 31, and mix thoroly until the voluminous wffiite precipitate 
which forms when the liquids first mix goes back into solution. Allow to stand until 
the layers separate, then pour off 4 cc of the upper layer into a graduated cylinder 
and in its place in the test tube pour 4 cc of 88% grade ethyl acetate; mix, and 
allow to stand until the layers separate. A dark brown color in the lower layer in- 
dicates that caramel is present. If, however, the lower layer is colorless and a pos- 
itive Marsh test was obtained under 32, coloring from uncharred white oak chips 
is indicated. If the lower layer has a reddish shade, coal tar colors may be present. 
Confirm the presence of coal tar color by transferring some of the remaining fil- 
trate to a porcelain dish and adding a few drops of HCI. If coal tar colors are present, 
the soln may become red. For further confirmation add SnCh soln, which will 
decolorize the suln. Use the clear light of an open wfindow as a background for 
examining the colors obtained in these tests. 

CORDIALS AND LIQUEURS— TENTATIVE 

34 PHYSICAL EXAMINATION 

Note and record the following: (1) Appearance, whether bright or turbid and 
whether there is any sediment; (2) color and depth of color; (3) odor; (4) taste. 
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35 SPECIFIC GRAVITY 
Determine sp. gr. at 20/20° as directed in XIV, 3. 

36 ALCOHOL 

(a) Bij weight. — Proceed as directed under 3. 

(b) By voluyne. — ^Proceed as directed under 4 or 5. 

37 TOTAL SOLIDS 

(a) From the &p. gr. oj the dealcoholized sample. — Proceed as directed under XIV, 6, 

(b) By evaporation. — Proceed as directed under XXXIV, 4. 

(c) From the residue of the dealcoholized sample.— Kestore the residue from the 
alcohol determination to its original volume by making the necessary evaporation 
or dilution. Determine the refractometer reading of the soln at 20° and obtain the 
corresponding percentage of dry substance. From Table 2, XLII, ascertain the sp. 
gr, corresponding to the percentage of dry substance found and multiply by the 
percentage dry substance to obtain grams of total solids per 100 cc of sample. To 
obtain the percentage of total solids in the sample, divide the grams of total solids 
per 100 cc by the sp. gr. of the sample, 35. 

38 GLYCEROL 

(a) Products containing 5 g per 100 cc or less of total solids. — Proceed as directed 
under XV, 5 or 6. 

(b) Products contairiing more than 5 g per 100 cc of total solids. — Measure into a 
porcelain dish such a quantity of sample (not to exceed 100 cc) as contains 25 g or 
less of solid matter and evaporate on the steam bath to remove alcohol. Transfer to 
a 600 cc Erlenmeyer flask, using such a quantity of H 2 O that the final volume will 
be approximately 100 cc, and proceed as directed in XV, 7. 

SUCROSE 

39 Method 1. By polarization 

Pipet into an evaporating dish the volume of sample equivalent to 52 g, as cal- 
culated from the sp. gr. as determined under 35; exactly neutralize with normal 
NaOH, calculating the quantity required from the determination of acidity, 41; 
evaporate on the steam bath to remove alcohol. Transfer to a 200 cc flask and pro- 
ceed as directed under XXXIV, 22 or 23, beginning '^add the nece.ssary clarifying 
reagent, etc,'' 

40 Method 11. By reducing sugars before and after inversion 

Approximate the sugar content of the sample from total solids, 37, and pipet 
into a porcelain dish such a quantity of sample as will contain 5-7 g of sugars; 
exactly neutralize with standard NaOH soln, calculating the quantity required 
from the acidity, and evaporate on the steam bath to remove alcohol. Transfer to 
a 200 cc volumetric flask, clarify with neutral Pb acetate soln, remove the excess 
Pb with K oxalate, and proceed as directed under XXXIV, 28, using the method 
given under XXXIV, 37, for the determination of reducing sugars. 

41 TOTAL ACIDITY 

Place about 600 cc of H 2 O in an 800 cc beaker, add about 1 cc of phenolphthalein 
indicator, and titrate to a pink color with 0.1 N NaOH, Add 10 20 cc of sample 
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(unless this quantity gives the soln such a deep color that it will obscure the end 
point, in which case 5 cc may be used) and titrate to a pink color comparable to 
that of the soln before the sample was added. Calculate the acidity as g per 100 cc 
of sample in terms of the predominating acid present in the sample. 

^2 PRELIMINARY PROCEDURE FOR CHARACTERISTIC ACIDS 

Measure out such a volume of sample as contains not more than 30 g of solid 
matter and not more than 200 mg of the acid to be determined, as calculated from 
the acidity; evaporate to about 30 cc, add 6 cc of 1 iV NaOH, and let stand for at 
least 3 hours. Add 8 cc of 1 AT H2SO4, transfer to a 250 cc volumetric flask, using 
10 cc of H2O and sufficient 95% alcohol to fill the flask to the mark; mix and let 
stand 15 min. Filter thru a thin layer of absorbent cotton, protecting the liquid 
against evaporation. Transfer 200 cc of the filtrate to a centrifuge bottle and pro- 
ceed with the determination of the acid as directed. 

43 TARTARIC ACID 

Using the material in the centrifuge bottle, proceed as directed under XXVI, 27. 

44 CITRIC ACID 

Using the material in the centrifuge bottle, proceed as directed under XXVI, 31. 

45 MALIC ACID 

Using the material in the centrifuge bottle, proceed as directed under XXVI, 34. 
45 VOLATILE ESTERS 

Measure 100-500 cc of sample into the distilling flask and proceed as directed 
under XIII, 26, collecting a volume of distillate at least twice as great as the volume 
of alcohol contained in the sample. (If determination 47 is to be made, use a 500 cc 
sample.) Disconnect the apparatus and wash out the condenser with a little H2O. 
Add about 1 cc of phenolphthalein indicator and titrate to a pink color which per- 
sists for at least 1 min., using 0.1 A" NaOH or KOH. Add to the soln a measured 
excess of 25-50 cc of 0.1 N alkali, reflux for 1 hour, cool, and titrate the excess of 
alkali with 0.1 N H2S04. Calculate the number of cc of 0.1 A alkali used in the 
saponification of the esters as ethyl acetate. 1 cc of 0.1 N — 8.8 mg of CH3COOC2H6. 

47 GAMMA UNDECALACTONE (QUALITATrVE)^ 

(Peach and Apricot Cordials) 

Make distinctly alkaline the soln obtained above under 46 and evaporate to dry- 
ness on the steam bath. Take up the residue in about 25 cc of H2O, transfer to a 
.separatory funnel,' acidify with H2SO4 (1+1), let stand 10 min. to permit lactones 
to form, and extract 3 times with about 20 cc of ether. Unite the ether extracts and 
wash three times by shaking with 10 cc portions of normal Na2C03 soln. Permit the 
ether, soln to evaporate spontaneously in a small beaker. To the residue add a few 
drops of N2H4.H20 soln (42% in H2O) and mix thoroly; if white solid matter 
separates out in a few nunutes, gamma undecalactone is present. Allow the mixture 
to stand 15-20 min., place on the steam bath, and heat until the ammoniacal odor 
is no longer evident. Add 1 cc of normal butyl alcohol and warm until a clear soln is 
obtained, adding a few additional drops of the alcohol if necessary to dissolve the 
residue completely. Remove from the steam bath and permit the butyl alcohol to 
evaporate spontaneously. {This usually occurs overnight, but a longer time may be 
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necessary if much butyl alcohol has been used.) Examine the colorless or slightly 
yellowish crystals under the microscope. (Flydrazino-y-undecalactone has a charac- 
teristic odor similar to that of the lactone itself.) 

48 OPTICAL PROPERTIES OF HYDRAZINO- 7 -UNDECALACTONE 

In ordinary light the substance is seen to consist of lath-like rods, many of them 
more or less split at the ends. In parallel polarized light (crossed nicols), the sub- 
stance is characterized by not extinguishing sharply, most of the rods remaining 
essentially bright when the stage is rotated. Occasionally there are found crystals 
that extinguish sharply, have square ends, and show straight extinction and nega- 
tive elongation. In convergent polarized light (crossed nicols) partial biaxial inter- 
ference figures, usually showing one optic axis up or slightly inclined to the normal, 
are of frequent occurrence. The refractive indices, as determined by the immersion 
method, are as follows: a — 1.483 (not common); d = 1-525 (most frequently occur- 
ring of the indices and shown lengthwise on rods); 7 =1.555 (occurring crosswise on 
rods which show straight extinction and negative elongation); all +0,003. 

METHYL ALCOHOL 

49 PREPAKATION OF SAMPLE 

Measure into a distilling flask such a quantity of sample as contains 20-25 cc of 
absolute alcohol, add sufficient HoO to make the total volume about 100 cc, and 
distil, collecting about 50 cc of distillate. To the distillate add 1 g of XaC'l for each 
10 cc of H->0, and allow to stand several hours to reach the saturation point. Trans- 
fer to a separatory funnel, using about 10 cc of saturated NaCl soln to wash out the 
container, and shake with 25 cc of petroleum ether. When the separation is com- 
plete, transfer the H 2 O soln to a second separatory funnel containing 25 cc of pe- 
troleum ether; shake, and transfer the TIjO soln to a third separatory funnel, also 
containing 25 cc of petroleum ether; shake and when the separation is complete, 
drain off the H 2 O soln into a 200 cc distilling flask. In the meantime, add to the 
first funnel 25 cc of .saturated XaCl soln and follow the samjdc thru with this soln, 
finally adding the washings to the sample soln in the distilling fla.sk. Repeat this 
operation with a second 25 cc portion of saturated salt soln, finally ailding this also 
to the distilling fla.sk. Now distil the mixture into a 50 cc volumetric flask, \ising a 
suitable adapter. When 48-49 cc has distilled over, disconnect the apparatus and 
fill the flask to the mark with H^O. Mix, and determine melliyl alcohol as directed 
under 28, or under XXXIX, 103. 

50 ASH 

Proceed as directed under XXVII, 8 , using 25 ec of sample, the temp, of ashing 
not to exceed 525^. 

51 SOLUBLE AND INSOLUBLE ASH 
Proceed as directed under XXXIV, 12. 

52 ALKALINITY OP SOLUBLE ASH 
Proceed as directed under XXXIV, 13. 

53 ALKALINITY OF INSOLUBLE ASH 
Proceed as directed under XXXIV, 14. 
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54 PHOSPHORIC ACID 

Evaporate 25 cc of sample to a sirupy consistency on the steam bath; add 7.5 cc 
of Mg(NOa)2 soln, II, 7(e); mix thoroly, continue the evaporation as far as possible 
on the steam bath, and proceed as directed under XII, 28, beginning with, ‘‘heat 
on an electric hot plate at I80°." 


BENZALDEHYDE'O 

55 REAGENT 

Fhenylhydrazine soln , — Add 1.5 cc of glacial acetic acid and 1 cc of newly distilled 
phenylhydrazine to 20 cc of II2O and filter thru a moistened double white ribbon 
filter. 


50 determination 

Measure into a distilling flask such a quantity of sample as contains 30 cc of 
absolute alcohol, dilute to such a volume that the mixture will contain 300 cc of 
H2O in addition to that required to dissolve the sugar present (1 g of sugar requires 
0.5 cc of HiO), and distil off 300 cc into a 500 cc Erlenmeyer flask. Add 10 cc of the 
reagent and shake for 5 min. Filter on a Gooch with a thin mat, and wash with H2O 
and finally with two 10 cc portions of 10% alcohol. Dry in a vacuum desiccator 
over H2SO4 for 24 hours, excluding light, or at 70° under 100 mm or less of pressure 
for 2 hours. Wt. of precipitate X0.5408=sbenzaldehyde. 

57 CARAMEL 
Proceed as directed under 32. 

58 COAL TAR COLORS 
Proceed as directed under XXI. 


59 ALDEHYDES 

Measure 100 -200 cc of sample into a distillation flask. If the solid content is 25 g 
per 100 cc or less, add 12.5-25 cc of H2O; if greater than 25 g per 100 cc, add 5 cc 
of H2O for each 10 g of solid matter present, and distil slowly, collecting a volume 
of distillate equal to that of the sample, and proceed as directed under 1 1. 

60 FURFURAL 

Treat a ])ortion of the prepared distillate, 59, as directed under 13. 

61 FUSEL OIL 

Treat 50 cc of the prepared distillate, 59, as directed under 17. 
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1 PREPARATION OF SAMPLE— OFFICIAL 

Remove the entire sample from the package, pass thru a 20-mesh sieve, and mix 
thoroly. 

TOTAL CARBON DIOXIDE 

Gravimetric Method Using KnorUs Apparatus^ — Official 

2 APPARATUS 

Connect a flask by means of a ground-glass joint with a glass connection thru 
the upper part of which passes a dropping funnel, and join at the side with a Liebig 
condenser. Connect the mouth of the funnel by means of a perforated stopper with 
a soda lime tube. Connect the upper end of the condenser by a rubber joint with 
a train of absorption bulbs, the first one containing H2SO4 for drying the gas pass- 
ing into the next bulb, w'hich contains a 33% IvOH soln. Then connect to a third 
bulb containing H2SO4 for the absorption of moisture escaping from the KOH 
bulb, then to a fourth bulb, also containing HaSO^, as a precaution to prevent 
moisture from the air being absorbed by the train. Connect the last bulb to an 
aspirator. Many analysts prefer to replace the last bulb by two U-tubes filled with 
sifted soda lime. 

3 DETERMI.V.\TIOS 

Place 0.5-2 g of the sample, the quantity depending upon the percentage of CO2 
present, in the flask, which must be perfectly dry. Close the flask with the stopper 
which carries the funnel tube and the tube connecting with the absor|ition ap])a- 
ratus. Weigh separately the second and third absorption bulbs and attach them to 
the apparatus. If two soda lime tubes are used, weigh them separately and refill the 
first when the second increases materially in w'eight. Nearly fill the funnel tube with 
H2SO4 fl+5) and place the soda lime tube in position. Aspirate air thru the ab- 
sorption bulbs at a rate of about 2 bubble.s per second. Open the stopper of the 
funnel and allow the acid to run slowly into the flask, taking care that the evolution 
of gas is .so gradual as not materially to increase the current thru the bulbs. After 
all the acid has been introduced, close the stopcock, continue the aspiration, and 
gradually heat the contents of the fla-k to boiling. (While the flask i.s being heated 
the aspirator tube may be removed, altho when using ground-glass joints many 
analysts prefer to aspirate during the entire operation.) ('ontinue the l)oiling for a 
few minutes after the H2O has begun to condense; then remove the flame, open tlie 
stopcock, and continue aspiration w^hile the apparatus cools. Remove the second 
and third bulbs and weigh. The increase in weight is due to CO2. 

Gasomeiric MethorP Using ChitticUs Apparatus — Official 

4 REAGENTS 

Displacement soln . — Dissolve 100 g of NaCl or Na2tS04. lOHiO in 350 cc of HjO. 
Add approximately 1 g of NaHCOs and 2 cc of methyl orange indicator, VI, 3(f), 
and then sufficient H28O4 (1 +5) to make just acid (a decided pink color). Stir until 
all CO2 is removed. This soln is used in the gas-measuring tube and leveling bulb 
and .seldom need.s to be replaced. 
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5 APPARATUS 

Connect a decomposition flask (A) by means 
of a glass T-tube {B), provided with a stopcock 
(C), to a graduated gas-measuring tube (D), 
which in turn is connected with a leveling bulb 
(E). For A always use a 250 cc wide-mouthed 
extraction flask of Pyrex or other resistant glass 
fitted with a two-holed rubber stopper, thru one 
hole of which passes the extended tip of a 25 cc 
buret (F) and thru the other a glass tube of the 
same diameter as the connecting T-tube. Use a 
buret graduated in cc at 20^ numbered at 5 cc 
intervals, and provided with an extra long tip 
bent to pass thru the rubber stopper. Connect the 
glass tube leading from the decomposition flask to 
the T-tube by means of rubber tubing to permit 
rotation of the flask. Use a gas-measuring tube 
graduated in cc at 20°, the zero mark being placed 
at a point 25 cc below the top marking to allow for 
graduating upwards from 0 to 25 cc and down- 
ward from 0 to 200 cc. By means of a long rubber 
tube connect the gas-measuring tube with the 
leveling bulb, which has a capacity of about 
300 cc, 

6 DETERMINATION^ 

Weigh 1.7 g of the prepared sample, 1 , into flask 
A and connect this flask with the apparatus (Fig. 
19). Open stopcock C and by means of the level- 
ing bulb E bring the displacement soln to the 10 
cc graduation above the zero mark. (This 10 cc is 
practically equal in volume to the volume of acid 
to be used in tlie decomposition.) Allow the ap- 
paratus to stand 1-2 min. to insure that the temp, 
and pressure within the apparatus are the same as 
those of the room, (dose the stopcock, lower the 
leveling bulb somewhat to reduce the pressure 
within the apparatus, and slowly run into the de- 
composition flask from buret F 10 cc. of HgSOi 
(1 T-5)- To prevent the liberated CO 2 from escap- 
ing thru the acid buret into the air, keep the dis- 
placement soil! in the leveling bulb at all times 
during the decomposition at a lower level than 
that in the gas-measuring tube. Rotate and then 
vigorously agitate the decomposition flask to secure 
intimate mixture of the contents. Allow to stand 
for 5 min. to secure equilibrium. Equalize the pres- 
sure in the measuring tube by means of the leveling 
bulb and read the volume of gas in the tube 



FIG. 19— APPARATUS FOR THE 
GASOMETRIC DETERMI- 
NATION OF CARBON 
DIOXIDE 


Observe the temp, of the air surrounding the apparatus and also the barometric 
pressure at the time and multiply the number of cc of gas evolved by the factor 
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given in the table for this temp, and pressure, XLII, 24. Divide the corrected read- 
ing by 10 to obtain the percentage by weight of 002 in the sample. 

RESIDUAL CARBON DIOXIDE^ 

7 Gravimetric Method — Official 

Weigh 2 g of the prepared sample, 1, into a flask suitable for the subsequent 
determination of CO 2 ; add 20 cc of cold II 2 O; and allow to stand 20 min. Place the 
flask in a metal drying cell surrounded by boiling H 2 O and heat, with occasional 
shaking, for 20 min. To complete the reaction and drive off the last traces of gas 
from the semi-solid mass, heat quickly to boiling and boil for 1 min. Aspirate until 
the air in the flask is thoroly changed, and determine the residual CO 2 by absorp- 
tion, as directed under 3. 

8 Gaso metric Method^— Offii dal 

Place 1.7 g of the prepared sample, 1, in the decomposition flask, A, Fig. 19; add 
20 cc of H 2 O and allow to stand 20 min. Place the flask in a metal drying cell sur- 
rounded by boiling H 2 O and heat, with occasional shaking, for 20 min. To complete 
the reaction, heat quickly to boiling and boil for 1 min. Cool to room temp., con- 
nect the flask to the apparatus described under 5, and determine the CO 2 present 
by treating with 10 cc of H 2 S 04 (1+5) as directed under 6, using the correction 
factors given in Tables 25 and 26, XLII. To prevent foaming add 1-8 drop.s of 
caprylic alcohol to the baking powder in the decomposition flask. 

9 AVAILABLE CARBON DIOXIDE— OFFICIAL 
Subtract the residual CO 2 , 7, from the total CO 2 , 6. 

NEUTRALIZING VALUE 

10 Of Acid- Reacting Materials Other Than Fhosphates — Official 
Dissolve 1 g of the sample in hot HoO and titrate with 0.2 A NaOH, using phenol- 

phthalein indicator. 

11 Of Monocaldum Phosphate'^ — Tentative 
(Industrial method, results approximate.) 

Weigh 0.84 g of monocalcium phosphate into a small beaker or casserole, add 25 
cc of H 2 O and 5 drops of a 0,2% soln of phenolphthalein,^ and titrate with 0.2 A 
XaOH, to a faint pink. Heat to boiling, boil 1 min., and again continue the tit ration, 
while the soln is hot, to a faint pink color, adding the bulk of the standard alkali 
soln rapidly and with vigorous stirring. The total buret readingX2 =the neutraliz- 
ing strength of 100 parts of phosphate in terms of XallCCb. 

12 TARTARIC ACID, FREE OR COMBINED (QUALITATIVE TEST)^-TENTATIVE 

('Applicable in the presence of phosphates.) 

Shake repeatedly about 5 g of the .sample with about 250 cc of cold H 2 D in a flask 
and allow the insoluble portion to subside. Decant the soln thru a Alter and evapo- 
rate the filtrate to dryness. Powder the residue, add a few firops of 1% resorcinol soln, 
XXXIV, 93, and about 3 cc of and heat slowly. Tartaric acid is indicated 

by a rose-red color, which is discharged on dilution with H 2 O. 

13 TOTAL TARTARIC ACID— OFFICIAL 

(Applicable only in the absence of A1 salts, Ca .salts, and phosphates.) 

Into a 500 cc porcelain casserole or similarly shaped dish weigh 1.88 g of the pre- 
pared sample, 1. Add 10 cc of H 2 O and then 10 cc of HCl (1+1) cautiously to avoid 
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loss due to the sudden evolution of CO2. Heat gently until most of the starch present 
is hydrolyzed. Add slowly and with constant stirring 15 cc of K2CO3 soln (328 g of 
KgCOa per liter), boil gently on a hot plate for 1 min., and evaporate on a steam 
bath to incipient crystallization. Remove from the steam bath and add, dropwise 
with constant stirring, 3 cc of glacial acetic acid. Add 2 cc more of the glacial acetic 
acid and continue the stirring for 3 min. Add 150 cc of 95% alcohol, carefully rins- 
ing down the sides of the dish with the alcohol; stir vigorously for 5 min,; and let 
stand for at least 1 hour. Decant thru a Gooch crucible containing a thin layer of 
paper pulp or thru filter paper on a perforated disk, and wash, largely by decanta- 
tion, with 95% alcohol until the combined filtrate and washings measure 550 cc. 
Test the last few cc of filtrate with dilute litmus tincture to be sure the precipitate 
has been properly washed. Return the paper pulp, or disk, containing a part of the 
precipitate to the residue in the porcelain dish and add 120 cc of hot HiO.Add 
sufficient 0,2 V alkali soln to neutralize most, but not all, of the acidity. Boil the soln 
for 5 min. and complete the titration with 0.2 N alkali, using phenolphthalein in- 
dicator. The number of cc of 0.2 .V alkali times 2 equals the percentage of K bitar- 
trate to which 0.15% is to be added to compensate for loss due to solubility. 1 cc 
of 0.2 A" alkali =0.02641 g of tartaric anhydride, 0.03001 g of tartaric acid, and 
0.03763 g of K bitartrate. 

14 FREE TARTARIC ACID (QUALITATIVE TEST)— OFFICIAL 

Extract 5 g of the sample with absolute alcohol and evaporate the alcohol from 
the extract. Dissolve the residue in NII4OH (1 +10), transfer to a test tube, add a 
good sized crystal of AgXOa, and heat gently. Tartaric acid is indicated by the 
formation of a silver mirror. If desired, the absolute alcoholic extract may be tested 
as directed under 12. 

STARCH 

15 Direct Invemion Method — OJficial 

(For baking powders and baking chemicals free from calcium.) 

Weigh 5 g of the sample into a 500 cc volumetric flask and proceed as directed 

under XXVII, 31. 

16 Indirect Method^ — Official 

(For baking powders and baking chemicals containing calcium.) 

Mix 5 g of the sample with 200 cc of IlCl (1+11) in a 500 cc volumetric flask 
and allow the mixture to stand for an hour, shaking frequently. Filter on an 11 cm 
hardened filter, taking care to obtain a clear filtrate. Rinse the flask once without 
attempting to remove all the starch, and wash the paper twice with cold H2O. Care- 
fully wash the starch from the paper back into the flask with 200 cc of H2O. Add 20 
cc of IK4 (.sp- gr. 1.125) and proceed as directed under XXVII, 31. (The treatment 
with dilate hydrochloric acid (1+11), without dissolving the starch, removes effec- 
tively the Ca, which otherwise would be precipitated as tartrate by the alkaline 
Cu soln.) 

17 Modified McGill Method — Tentative 

Digest 1 g of the sample with 150 cc of HCl (1 +11) for 24 hours at room temp., 
with occasional shaking. Filter on a Gooch crucible, wash thoroly with cold II2O 
and then once with alcohol and once with ether. Dry at llO*" (4 hours is usually 
sufficient), cool, and weigh. Burn off the starch, weigh again, and determine the 
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starch by difference. (The results by this method on cream of tartar powders and 
tartaric acid powders agree closely with those obtained by Cu reduction. The results 
on other types of baking powders are usually satisfactory, but in some instances 
they may be over 2% too high.) 

ALUMINUM 

Qualitative Test^^ — Tentative 
(In presence of phosphates.) 

18 RE.VGENTS 

(a) Hydrochloric acid soln.- — Approximately normal. Dilute 9 cc of HCl to 100 cc. 

(b) Ammonium acetate soln. — 3 N. Dissolve 23.1 g of NH4 acetate in HjO and 
dilute to 100 cc. 

(c) Auriniricarboxylic acid soln. — 0.1%. Dissolve 0.1 g in H2O and dilute to 
100 cc. 

19 DETECTION 

Dissolve 1-5 g of the baking powder in 5 cc of the V HCl and 5 cc of the 3 N 
NH4 acetate. Add 5 ec of the 0.1% soln of aurintricarboxylic acid, mix, and allow 
the lake formation to take place. Make the soln alkaline with NH4OH containing 
a small quantity of (NH4)2C03. A bright persistent red precipitate indicates the 
presence of AI. 

By Precipitation icith Phenylhydrnzine^^ — Tentative 

20 REAGENTS 

(a) Ammonium bisulfite soln. — Pass SO2 into a cool soln of NH4OII (1 +1) until 
the color of the soln becomes distinctly yellow. 

(b) Phenylhydrazine hisulffte soln. — To a few cc of phenylhydrazine add gradu- 
ally a saturated soln of SO 2 until the precipitate of phenylhydrazine sulfite, which 
at first separates out in crystals, is almost redissolved. If the precipitate is com- 
pletely dissolved, add a drop or two of phenylhydrazine until a slight precipitate is 
obtained. Filter the soln before using. (From 5-10 cc of this soln in 100 cc of H2O 
is sufficient strength for washing the Al(OH)3 precipitate. If well stoppered, this 
concentrated soln of phenylhydrazine bisulfite will keep indefinitely.) 

21 DETERMINATION 

Ignite 3 g of baking powder at a temp, not exceeding 550"*, As soon as the C has 
burned off, take up the residue in HCl (4-1-10) and boil gently to assist soln. Filter 
into a 300 cc volumetric flask and wash with hot H2O. Ignite the insoluble residue 
and filter paper in a Pt crucible and fuse the residue with about 2 g of Na2C03. 
Dissolve the fused mass in H2O and HCl and transfer to the volumetric flask con- 
taining the original filtrate. Cool, and make up to volume. 

Transfer 100 cc aliquots to 400 cc beakers. Heat nearly to boiling, add NHtOH 
(l-blO) until a slight permanent precipitate forms, then just redissolve this pre- 
cipitate with a drop or two of the dilute HCl. Add, dropwnse w ith con-stant stirring, 
10 or 12 drops of a saturated soln of NH4HSOS. Then add to the hot soln sufficient 
phenylhydrazine to precipitate the AlfOH)3 completely (\ or 2 cc; an excess colors 
the soln yellow). If a permanent precipitate floes not form at this point, add NHtOlI 
(I -HIO) carefully, dropwise, ju.st to a permanent precipitate, anfl then complete the 
precipitation by adding a few more flrops of the phenylhydrazine. bet stand a 
few min. for the precipitate to .settle, then filter w'hile still warm. Wash the pre- 
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cipitate with warm H 2 O containing the phenylhydrazine bisulfite until the washings 
give no test for iron when yellow NH4 sulfide is added. 

Place the filter paper containing the precipitate in a weighed Pt crucible. Dry, 
char, and ignite at a low temp. After the filter paper has completely burned, con- 
tinue the ignition at a bright red heat to constant weight. Weigh quickly with the 
cover on the crucible as the precipitate is very hygroscopic. A second weighing is 
always necessary. The precipitate consists of AI2O3 and A1 phosphate. 

Fuse the ignited precipitate with about 2 g of Na 2 C 03 and dissolve the fusion 
in HNO 3 (1+9). Transfer to a 250 cc beaker and boil to insure that all the phos- 
phoric acid is in the ortho state. Cool. Transfer to a 200 cc flask, make up to volume, 
and use 50 cc aliquots to determine the PsOs. Multiply the weight of P 2 O 6 obtained 
by 4 and subtract the product from the weight of combined precipitates obtained 
above. The difference is the weight of AI 2 O 3 in 1 g of baking powder. 

Weight AI 2 O 3 X 100= percentage of AUOs. 

Percentage of AI 2 O 3 X4.749 = percentage of Na 2 Al 2 (S 04 ) 4 . 

If the baking powder contains a significant quantity of Si 02 , remove it by evapo- 
rating the HCl soln of the powder to dryness and dehydrating at 105° for 2 hours. 
Add to the dry mass 10 cc of HCl and 100 cc of H 2 O, boil, filter ofi the Si02, and 
proceed as directed above. 

22 INSOLUBLE ASH AND PREPARATION OF SOLUTION 12 — OFFICIAL 

Char 5 g of the sample in a Pt dish at a heat below redness. Boil the carbonaceous 
mass with HCl (1+2.5), filter into a 500 cc volumetric flask, and wash with hot 
H 2 O. Return the rc.sidiie, together with the paper, to the Pt dish, and burn to a 
white ash. Boil again with the dilute HCl, filter, wash, unite the two filtrates, and 
dilute to 500 cc. Incinerate the residue after the last filtration and weigh the ash 
insoluble in acid. 

23 IRON AND ALUMINUM 12 — OFFICIAL 

Draw a 100 cc aliquot of the prepared soln, 22 , and separate SiOz if necessary. 
Mix the soln with 10% Na phosphate soln in excess. Add NH 4 OH until a per- 
manent precipitate is obtained, then HCl, dropwise, until the precipitate is dis- 
solved. Bring the soln to a boil and boil for 2-3 min.; mix with a considerable excess 
of 50% NH 4 acetate soln and 4 cc of 80% acetic acid. As soon as the precipitate of 
A1 phosphate, mixed with Fe phosphate, has settled, collect on a filter, wash with 
hot H 2 O, ignite, and weigh. Fuse the mixed phosphates with 10 parts of NazCOs, 
dissolve in HjSOi ( 1 + 0 ), reduce with zinc, and determine the iron by titration 
with a standard permanganate soln (1 cc = 1 mg of Fe). In the same soln determine 
the phosphoric acid, as directed under II, 9 or 12 . To obtain the weight of AI 2 O 3 , 
subtract the sum of the weights of FejO? and P 2 O 5 from the weight of the mixed 
phosphates. 

24 CALCIUM ‘2- OFFICIAL 

Heat the combined filtrate and washings obtained under 23 to 50° and add an 
excess of saturated Nil 4 oxalate soln- Allow to stand in a warm place until the pre- 
cipitate has settled, filter, wash the precipitate with hot H 2 O, dry, and ignite over 
a Bunsen burne.r and finally over a blast lamp. Cool in a desiccator and weigh as 
C'aO. 

25 POTASSIUM AND SODIUM'^ - OFFICIAL 

Evaporate an alicpint of the prepared soln, 22 , nearly to dryness to remove the 
excess of lUn, dilute, and heat to boiling. While still boiling add 10% BaCR soln 
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as long as a precipitate forms and then enough saturated Ba(OH)2 soln to make 
the lifluid strongly alkaline. As soon as the precipitate has settled, filter and wash 
with hot H 2 O; heat the filtrate to boiling; add sufficient (NH«) 2 C 03 [1 part of 
(NH 4 ) 2 C 03 in 5 of NH4OH soln (14-12)] to precipitate all the Ba; filter, and wash 
with hot H2O. Evaporate the filtrate to dryness and ignite the residue below redness 
to remove NH 4 salts. Add to the residue a little H 2 O and a few drops of the (NH 4 ) 2 - 
CO3 soln. Filter into a weighed Pt dish, evaporate, ignite below redness, and weigh 
the mixed K and Na chlorides. Determine K in the mixed chlorides as directed 
under II, 47, beginning with “Digest the residue with hot H 2 O, filter thru a small 
filter.” Calculate the K so found to its equivalent of KCl and subtract this result 
from the weight of the mixed chlorides to obtain the weight of NaCl. 

26 PHOSPHORIC ACID— OFFICIAL 

Mix 5 g of the sample with a little Mg(N 03)2 soln, II, 7(e), dry, ignite, dissolve 
in HCl (1 +2.5), and dilute the soln to a definite volume. In an aliquot of the soln 
determine phosphoric acid as directed under 11, 7 or 10 . 

27 SULFURIC ACIDis— OFFICIAL 

Boil 5 g of the sample for 1.5 hours with a mixture of 300 cc of HjO and 15 cc of 
HCl. Filter, wash filter thoroly wnth hot H 2 O, cool the combined filtrate and wash- 
ings, and dilute to a volume of 500 cc. Determine H^SOi in an aliquot of 100 cc as 
directed under XII, 27. 

28 AMMONIA— OFFICIAL 

Introduce 2 g of the sample into a distillation flask, add 300-400 cc of H 2 O and 
an excess of NaOH soln ( 1 + 1 ), connect with a condenser, and distil into a measured 
volume of standard acid. Titrate the excess of acid in the distillate with standard 
alkali, using methyl red or cochineal indicator. 

29 ARSENIC— TENTATIVE 

Introduce 5 g of the sample directly into the generator described under XXIX, 2 ; 
add 10 cc of HjO, a little at a time to prevent foaming over, and then 15 cc of 
As-free HCl, introducing it dropwise until foaming ceases. Heat on a steam bath 
until a drop of the mixture, when diluted and treated with 1 soln, shows no blue 
color. Then dilute to about 30 cc with H 2 O and continue from this point as directed 
under XXIX, 4, beginning with “Add 5 cc of the KI reagent.^’ Make the blank and 
the standards for comparison by the use of the As-free HCl of the same concentra- 
tion as that used in the determination. 
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XVIIL COFFEE AND TEA 

GREEN COFFEE 

1 MACROSCOPIC EXAMINATION— TENTATIVE 

A macroscopic examination usually shows the presence of excessive quantities of 
black and blighted coffee beans, coffee hulls, stones, and other foreign matter. 
Separate these by hand picking and determine the quantity gravimetrically. 

2 COLORING MATTERS— TENTATIVE 

Shake vigorously 100 g or more of the sample with cold HaO or alcohol, 70% by 
volume. Strain thru a coarse sieve and allow to settle. Identify soluble colors in the 
soln and insoluble pigments in the sediment as directed under XXL 

ROASTED COFFEE 

3 MACROSCOPIC EXAMINATION-TENTATIVE 

Artificial coffee beans are apparent from their regularity of form, and roasted 
legumes and lumps of chicory in whole roasted coffee can be picked out and identi- 
fied microscopically. For ground coffee sprinkle some of the sample on cold H 2 O 
and stir lightly. Fragments of pure coffee, if not overroasted, will float, while frag- 
ments of chicory, legumes, cereals, etc., will sink immediately, chicory coloring the 
H 2 O a decided brown. In all cases identify the particles that sink by microscopical 
examination. 

4 PREPARATION OF SAMPLE— OFFICIAL 

Grind the sample to pass thru a 30-mesh sieve and preserve in a tightly stoppered 
bottle. 

5 M DISTURB— TENTATIVE 

Dry 5 g of the sample at the temp, of boiling H 2 O under a pressure not to exceed 
100 mm of Hg, or at a temp, of 105-110° under atmospheric pressure, for 5 hours 
and subsequent periods of 1 hour each until constant weight is obtained. For whole 
coffee, grind rapidly to a coarse powder and without sifting and unnecessary ex- 
posure to the air weigh portions for the determination. For ground coffee, sample 
directly without further grinding. 

6 SOLUBLE SOLIDS— TENTATIVE 

Place 4 g of the prepared sample, 4, in a 200 cc flask. Add H 2 O to the mark, 
allow the mass to infuse for 8 hours, with occasional shaking, let stand 16 hours 
longer without shaking, filter, and evaporate 50 cc of the filtrate to dryness in a 
flat-bottomed dish. Dry at 100°, cool, and weigh. 

7 ASH— OFFICIAL 

Proceed as directed under XXVII, 8, using the sample prepared as directed under 

4. 

8 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 12, using the ash obtained under 7. 
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9 ALKALINITY OF THE SOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 13, using the filtrate obtained under 8. 

10 ASH INSOLUBLE IN ACID OFFICIAL 

Proceed as directed under XXXIII, 5, using the ash obtained as directed under 7 
or the water-insoluble ash obtained as directed under 8. 

11 SOLUBLE PHOSPHORIC ACID IN THE ASH— OFFICIAL 
Proceed as directed under II, 9 or 12, using the soln obtained under 11. 

12 INSOLUBLE PHOSPHORIC ACID IN THE ASH— OFFICIAL 

Boil the insoluble asb obtained as directed under 8 with 25 cc of HCl (1+2), 
filter, wash thoroly with hot H2O, and determine P2O5 in combined filtrate and 
washings as directed under II, 9 or 12. 

13 CHLORIDES -OFFICIAL 
Proceed as directed under XII, 35. 


CAFFEINE 

14 Poicer-Chesnut ^{etho!p — Official 

Moisten 10' g of the prepared sample. 4, with 95% alcohol; transfer to a Soxhlet 
or similar extraction apparatus; and extract with 95% alcohol for 8 hours, exercising 
care to assure complete extraction. Transfer the extract with the aid of hot 11 2O 
to a porcelain dish containing 10 g of heavy MgO in suspension in 100 cc of H2O. 
Evaporate slowly on a steam bath with frequent stirring to a dry, powdery m.ass. 
Rub the residue with a pestle into a paste with boiling HoO and transfer with hoi 
H2O to a smooth filter, cleaning the dish with a rubber policeman, ('ollect the filtrate 
ill a liter flask marked at 250 cc and tvash with boiling H2O until the filtrate reaches 
the mark. Add 20 cc of H2SO4 (1+9) and boil gently for 30 min. with a funnel in the 
neck of the flask. Cool, filter thru a moistened double paper into a separatory fun- 
nel, and wash with small portions of H +199). Extract with fi successive 25 

cc portions of CHCI3. Wash the combined (’HCI3 extracts in a .separatory funnel 
with 5 cc of 1 % KOH soln. Filter the into an Erlenmeyer flask. Wash the 

KOH soln with 2 portions of CHC'lj of 10 cc each, adding them to the flask, together 
with the CHCI3 washings of the filter paper. Evaporate or distil on a steam bath to 
a small volume '+0-15 cc), transfer with (TK'b to a weighed beaker, evaporate care- 
fully, dry for 30 min. at 100’, and weigh. Test the purity of the residue by deter- 
* mining N and multiplying by the factor 3,101. 

ith product.s very low in caffeine combine the cafTeine residues from duplicate 
determinations Tepresenting 20 g of original material) and determine N as directed 
in 11, 19 or 22, using half the quantity of reagents specified for the digestion and 
steaming out the apparatus thoroly before distilling. Di.stil to a small volume 
in the distilling flask to insure removal of all ammonia. Correct for the blank ob- 
tained, using the same reagent.s and apparatus, and pure sucrose in place of caffeine. 

• 

15 FendlcT-Stuber Method (Modified)^ — Tenlalive 

CAdapted for (piick results,) 

Treat 10 g of the prepared sample, 4, with 10 cc of NH4OH fl +2) and 200 g of 
('HCU in a glass-stoppered bottle; shake continuou.sly by machine or hand for 30 
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min.; and chill in an ice bath. Pour the entire contents of the bottle on a 24 cm folded 
filter, covering immediately with a watch-glass. Collect the filtrate with the funnel 
resting directly in the neck of a flask (previously weighed with stopper) and having 
the flask surrounded with ice. Stopper as soon as the soln ceases to run from the 
funnel in a continuous stream and weigh. Evaporate on a steam bath, removing the 
last CHCI3 with a current of air. Digest the residue with 80 cc of hot H2O for 10 
min. on a steam bath, shaking frequently, and let cool. Treat the soln with 1% 
KMnO^ soln (20 cc for roasted and 10 cc for green) and let stand 15 rain, at room 
temp., shaking occasionally. Add 2 cc of H2O2 soln (100 cc of 3% H202, free of 
acetanilid, plus 1 cc of glacial acetic acid). If the liquid is still red or reddish, add the 
HsOs soln, 1 cc at a time, until the excess of KMn04 is destroyed. Place the flask 
on a steam bath for 15 min. and add 0.5 cc portions of the H2O2 soln until the liquid 
ceases to become lighter. Cool, and filter by suction thru a Gooch crucible, washing 
with cold H2O. Transfer the filtrate to a separatory funnel and extract 6 times with 
25 cc portions of CHCI3. Evaporate the combined CIICI3 extracts to a small vol- 
ume, transfer to a weighed beaker, finish evaporation, dry at 100° to constant 
weight (30 min, is usually sufficient), and weigh the residue as caffeine. The weight 
of the caffeine, multiplied by 2000 and divided by the weight of the CHClg aliquot 
obtained from the first filtration, equals the percentage of caffeine in the 10 g 
sample. Test the purity of the residue as directed in 14. 

16 CRUDE FIBER— OFFICIAL 

Proceed as directed under XXVII, 27, using the sample prepared as directed 
under 4. 

17 STARCH -TENTATIVE 

Extract 5 g of the prepared sample, 4, on a hardened filter with 5 successive 10 
cc portions of ether; wash with small portions of 95% alcohol until a total of 200 cc 
has pas.sed thru; and proceed as directed under XXVII, 33, beginning with the 
second sentence. 

18 SUGARS^TEKTATIVE 

Weigh 10 g of the prepared .sample, 4, into a 250 cc volumetric flask; add 1 g of 
powdered NIl4XaHP04; and proceed as directed under XXVII, 28-30. Determine 
the reduced ('u in the Cu^O precipitate either volumetrically, as directed under 
XXXIV, 40, or elect roly ti cal ly, as directed under XXXIV, 42. 

19 PETROLEUM ETHER EXTRACT— OFFICIAL 

Dry 2 g of the prepared sample, 4, at 100°, extract with petroleum ether (b. p. 
35 50°) for l(i hours, evaporate the solvent, dry the residue at 100°, cool, and weigh.' 

20 TOTAL ACIDITY— TENTATIVE 

Treat 10 g of the prepared s.ample, 4, with 75 cc of alcohol, 80% by volume, in 
an Erlenmcyer flask; stopper; and allow to stand 16 hours, shaking occasionally. 
Filter, and transfer an aliquot of the filtrate (25 cc for green coffee, 10 cc for roasted 
coffee) to a beaker; dilute to about 100 cc with H2O; and titrate with 0.1 N alkali, 
using phenolphthalein indicator. Express t^e result as the number of cc of 0.1 N 
alkali required to neutralize the acidity of 100 g of the sample. 

21 VOLATILE ACIDITY-TENTATIVE 

Into a volatile acid apparatus, XV, 24, introduce a few glass beads and over 
these place 20 g of the iinground sample. Add 100 cc of recently boiled H^O, place 

193 



XVI 1 1 


METHODS OF ANALYSIS 


a sufficient quantity of recently boiled HjO in the outer flask, and distil until the 
distillate is no longer acid to litmus paper (usually 100 cc of distillate will be col- 
lected). Titrate the distillate with 0.1 iV alkali, using phenolphthalein indicator. 
Express the result as the number of cc of 0.1 N alkali required to neutralize the 
acidity of 100 g of the sample. 

COATING AND GLAZING SUBSTANCES 

22 SUGAR AND DEXTRIN— TENTATIVE 

Introduce 100 g of the whole coffee into a beaker, add exactly 300 cc of H 2 O, stir, 
and allow to stand 5 min., stirring frequently. Filter thru a dry filter and add care- 
fully to the filtrate dry Pb acetate until precipitation is complete, avoiding an ex- 
cess of the reagent. Filter thru a dry filter and remove the Pb from the filtrate by 
the addition of a slight excess of dry, powdered K oxalate. Filter thru a dry filter 
and determine reducing sugars as invert sugar in 50 cc of the filtrate, as directed 
under XXXIV, 37. Invert a 75 cc aliquot of the filtrate as directed under XXXIV, 
23(b). Cool, nearly neutralize with NaOH soln (l+l), dilute to 100 cc, and deter- 
mine reducing sugars as invert sugar in the resulting soln as directed under XXXIV, 
37. Measure a 100 cc aliquot of the filtrate into a 200 cc flask, add 10 cc of HCl 
(sp. gr. 1.125), and hydrolyze as directed under XXVII, 31. Cool, neutralize with 
NaOH soln (1 -j-l), dilute to volume, filter thru a dry filter, and determine reducing 
sugars as invert sugar in 50 cc of the filtrate as directed under XXXIV, 37. Calculate 
the reducing sugars in each instance to percentage by weight of the original coffee; 
Calculate sucrose from the reducing sugars before and after inversion as directed 
under XXXIV, 28, and calculate dextrin as follows: Subtract the reducing sugars 
after inversion from the reducing sugars after hydrolysis and multiply the differ- 
ence by the factor 0.8605 to convert the result to dextrin. 

In some instances the presence of sucrose in the water extract may be verified by 
polarization. The presence of dextrin in the water extract may be verified by polar- 
ization as directed under XXXIV, 30, and by the erythro dextrin test (XXXIV, 91) 
made on the water extract previous to clarification with Pb acetate. 

23 EGG ALBUMIN AND GELATIN— TENTATIVE 

Treat 100 g of the whole coffee with 500 cc of H 2 O and allow to stand for 5 min., 
stirring frequently. Filter, and treat separate portions of the filtrate with (1) a 5% 
soln of tannic acid, and ^2) Millon’s reagent (XX, 18). Boil a third portion of the 
filtrate. In the presence of egg albumin a more or less heavy precipitate will be 
formed in each case. As a confirmatory test, treat an aliquot of the filtrate with an 
excess of tannic acid soln; add a little salt if necessary to secure flocculation of the 
precipitate; filter; and, without washing, introduce the paper and its contents into 
a Kjeldahl flask and determine N. By this method coffee not coated with albumin 
or gelatin will yield less than 10 mg of N per 100 g of sample. 

24 CHICORY INFUSION— TENTATIVE 

Cover 100-150 g of the whole coffee®with HjO; allow to soak 2-3 min., stirring 
frequently; and drain the aqueous washings thru a coarse sieve. Wash the coffee 
upon the sieve with about 100 cc of H 2 O and centrifuge the combined washings. 
Decant the clear liquid from the sediment, which .should then be drained almost dry 
on filter paper. Mount the sediment in chloral hydrate soln, XXXIll, 28(c), and 
examine under the microscope for elements of chicory. 
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25 FATS AND WAXES*— TENTATIVE 

Treat 100-200 g of the beans with low-boiling petroleum ether for 10 min., pour 
off the petroleum ether, and repeat the process. Filter the combined extracts, evapo- 
rate, and determine the index of refraction and the saponification number of the 
residue as directed under XXXI, 9 and 23. 

TEA 

26 DUST, STEMS, AND FOREIGN LEAVES— TENTATIVE 

Place 1 g of the tea in a 300 cc casserole, add 200 cc of boiling H^O, and allow to 
stand 15 min. This treatment will cause the leaves to unroll, and they will then be 
in condition for examination as to form and structure.^ A macroscopic examination 
will reveal the presence or absence of dust or stems. Only those stems that remain 
floating after the leaf is thoroly infused should be regarded as woody stems® (“float- 
ers’ 0- 

27 PREPARATION OF SAMPLE— OFFICIAL 
Grind the sample to pass thru a 30-mesh sieve. 

28 MOISTURE— OFFICIAL 
Proceed as directed under XXVII, 2, 

29 WATER EXTRACT?— OFFICIAL 

To 2 g„of the ground sample in a 500 cc volumetric flask, add 200 cc of hot HgO 
and boil over a low flame for 1 hour, rotating occasionally. Close the flask with a 
rubber stopper thru which passes a glass tube 30 in. long for a condenser. Boil 
very slowly so that no steam escapes from the top of the air condenser. Cool, dilute 
to volume, mix thoroly, and filter thru a dry filter paper. Transfer an aliquot of 
50 cc to a weighed dish and evaporate to dryness on a steam bath. Place in the oven, 
heat at 100° for 1 hour, cool, and weigh. 

30 ASH— OFFICIAL 
Proceed as directed under XXVII, 8. 

31 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 12, using the ash obtained under 30. 

32 ALKALINITY OF THE SOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 13, using the filtrate obtained under 31. 

33 ALKALINITY OF THE INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 14, using the insoluble ash obtained under 31. 

34 ASH INSOLUBLE IN ACID— OFFICIAL 

Proceed as directed under XXXIII, 5, using the total ash obtained as directed 
under 30, or the insoluble residue obtained under 31. 

35 SOLUBLE PHOSPHORIC ACID IN THE ASH— OFFICIAL 

Proceed as directed under II, 9 or 11, using the soln of soluble ash obtained un- 
der 32. 

3(j INSOLUBLE PHOSPHORIC ACID IN THE ASH— OFFICIAL 

Proceed as directed under II, 9 or 11, using the soln obtained under 33. 
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37 PETROLEU|l ETHER EXTRACT— OFFICIAL 
Proceed as directed under 15>/ 

38 PROTEIN -TENTATIVE 

Determine N as directed under II, 21, 23 or 25. To obtain the percentage of N 
present aS protein, subtract the percentage of N present as caffeine from the per- 
centage of total N. ^^ultiply this result by 6.25 to obtain the percentage of protein. 

39 CRUDE FIBER— OFFICIAL 
Proceed as directed under XXVII, 27. 

40 VOLATILE OIL— TENTATIVE 

Add 100 g of tea to 800 cc of HjO, distil, extract the distillate several times with 
petroleum ether, transfer the combined petroleum ether extracts to a weighed dish, 
evaporate at room temp., dry in a desiccator, and weigh. 

CAFFEINE 

41 Po wer-Chesmit Method^ — Official 
Proceed as directed under 14. 

42 Bailey-Andreu' Method^ — Official 

To 5 g of the prepared sample,* 27, in a 500 cc volumetric flask, add 10 ^f heavy 
MgO and 200 cc of HjO. Boil gently over a low flame for 2 hours, using a small- 
bore glass tube 30 in. long as a condenser. Cool, dilute to volume, and filter 
thru a dry paper. Transfer an aliquot portion of 300 cc, equivalent to 3 g of original 
material, to an Erlenmeyer flask of I liter capacity; add 10 ce of H2SOi (1+9); 
and boil until the volume is reduced to about 100 cc. Filter into a separatory funnel, 
washing the flask with small portions of H2SO4 (1+99), and shake 6 times with 
CHCI3, using 25, 20, 15, 10, 10, 10 cc portions. Treat the combined extracts with 
5 cc of a 1% soln of KOH and when the liquids have completely separated draw 
off the CHCI3 layer into a suitable flask or iieaker. Wash the alkaline soln in the 
separatory funnel with 2 portions of CHCI3, of 10 cc each, and unite. the washings 
with the main bulk of extract. Evaporate or distil off the CHCI3 to a small bulk, 
transfer to a weighed flask, evaporate to dryness, and further dry in an oven at 
100'' to constant weight. Test the purity of the residue by determining N and 
multiplying by the factor 3.464. This gives a value for anhydrous caffeine. 

TANKINi^TENTATIVE 

43 REAGENTS 

(a) Potassium permanganate soln. — Prepare a soln containing 1.33 g per liter and 
obtain its equivalent in terms of 0.1 N oxalic acid. 

(b) Indigo carmine soln. — Prepare a soln containing 6 g of indigo carmine (free 
from indigo blue) and 50 cc of H2SO4 per liter. 

(c) Gelatin soln, — Soak 25 g of gelatin for 1 hour in saturated NaCl soln, heat 
until the gelatin is dissolved, pool, and dilute with a saturated NaCl soln to 1 liter. 

(d) Add sodium chloride soZn.— Acidify 975 cc of saturated NaCl soln with 25 cc 
of H,S04. 

44 DETERMINATION 

Boil 5 g of the tea for 30 min. with 400 cc of H2O, cool, transfer to a 500 Cc volu- 
metric flask, and dilute to the mark. To to cc of the infusion (filtered, if not clear), 
add 25 cc of the indigo carmine soln and about 750 oc of H2O. Add the KMnOi 
soln from a buret, a little at a time %hile stirring, until the color becomes light 
green, then dropwise until the color changes to bright yellow or to a faint pink at 
the rim. Designate the number of cc of KMnO* used as 
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Mix 100 cc of the clear infusion of tea with 50 cc of the gelatin soln, 100 cc of the 
acid NaCl soln, and 10 g of powdered kaolin, and shake several min. in a stoppered 
flask. After allowing the mixture to settle, decant thru a filter. Mix 25 cc of the 
filtrate with 25 cc of the indigo carmine soln and about 750 cc of H 2 O and titrate 
with KMnOi as before. The number of cc of KMn 04 used subtracted from that 
obtained above, “a,” gives the quantity of KMnOi required to oxidize the tannin. 
1 cc of 0.1 N oxalic acid -approximately 0.0042 g of tannin (gallotannic acid). 

• FACING 

45 GENERAI^TENTATIVE 

(1) Examine the ash obtained as directed under 30 for mineral pigments (cf. XXI, 
1); (2) shake a quantity of the tea with a large volume of H 2 O and remove the 
leaves by means of a sieve. Allow the insoluble matter in the H 2 O portion to settle, 
filter]" and examine the residue on the filter paper for insoluble pigments as directed 
under XXI, 1. Catechu and other soluble substances, if used, will be found in the 
filtrate. 

46 PARAFFIN AND WAXY SUBSTANCES— TENTATIVE 

Spread a quantity of the tea between two sheets of unglazed white paper and 
place t^preon a hot iron. Any greasy substance will stain the paper. 

47 PIGMENTS USED FOR COLORING OR FACING ^— TENTATIVE 

Place 60 g of the tea in a 60-meshf 5-6 inch sieve provided with a top. Sift a 
small quantity (approximately 0.1 g) of the dust upon a piece of semi-glazed, white 
paper about 8 by 10 inches. (To obtain the requisite quantity of dust, it is sometimes 
necessary to rub the leaf gently against the bottom of the sieve.) Place the paper^on 
a plain, firm surface, preferably glass or marble, and crush the dust by pressing 
firmly upon it a flat steel spatula about 5 inches long. Repeat the crushing process 
until the tea dust is ground almost to a powder, when particles of coloring matter, 
if present, become visible as streaks on the paper. Brush off the loose dust and 
examine the paper by means of a simple lens magnifying 7.5 diameters^ Bright light 
is essential to distinguish these particles and streaks. In many cases the chari^ter 
of the pigment is indicated by the behavior of these streaks when treated with re- 
agents and examined under a microscope. The crushed particles of leaf of cither 
black or green tea appear in such quantity that there is no chance of mistaking them 
for coloring or facing material. Repeat this test, using black, semi-glazed paper for 
facings such as talc, gypsum, BaS 04 , or clay, 
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XIX. CACAO BEAN AND ITS PRODUCTS 


1 PREPARATION OF SAMPLE— OFFICIAL 

Mix FK^'dered products thoroly and preserve in tightly stoppered bottles. Chill 
sweet or bitter chocolate until it becomes hard and reduce to a finely granular con- 
dition by grating or shaving. Mix thoroly and preserve in a tightly stoppered bottle 
in a coo^ place. 

2 MOISTURE— TENTATIVE 

Dry 2 g of the prepared sample^ 1, to constant weight in a Pt dish in an air oven 
at 100“. (An Al dish may be used when the ash is not determined on the same 
sample.) Report the loss in weight as moisture. 

3 ASH— OFFICIAL 

Proceed as directed under XXVII, 8, using sufficient sample to contain approxi- 
mately 1 g of water-, sugar-, and fat-free material. 

4 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 12, using the ash obtained under 3. 

5 ALKALINITY OF THE SOLUBLE ASH— OFFICIAL 
Proceed as directed under XXXIV, 13, using the filtrate from 4. 

6 ALKALINITY OP THE INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 14, using the insoluble ash obtained under 4. 

7 ASH INSOLUBLE IH ACID— OFFICIAL 

Proceed as directed under XXXIII, 5, using the total ash as obtained under 3, 
or the water-insoluble residue as obtained under 4. 

8 , TOTAL NITROGEN- OFFICUL 
Proceed as directed under II, 21, 23 or 25. 

9 MILK PROTEINS^TENTATIVE 

Weigh exactly 10 g of the finely grated chocolate into a suitable 8 oz centrifuge 
bottle. Add two 100 cc portions of ether, centrifuging and decanting the super- 
natant liquor after each addition. Dry the residue in an oven at about 100“ and 
powder the residue in the bottle with a flattened glass rod. Add 200 ec of 3% 
Xa2C204 and let stand 4 hours, shaking frequently, ("entrifuge and filter thru a small 
folded filter. Discard the first 5-10 cc of the filtrate and determine N in 50 cc of this 
filtrate. Pipet 100 cc of the filtrate into a 200 cc volumetric flask and dilute almost 
to the mark with H 2 O. Precipitate the proteins by the addition of 2 cc of glacial 
acetic acid. Make to volume, shake, filter, and determine N in 100 cc of the filtrate. 
The difference between the two X figures obtained is the N of the casein contained 
in 2.5 g of the sample. This figure X4 X0.38~the total casein contained in the 10 g 
taken lor the analysis. Casein XI. 25 = total milk protein. 

10 SUCROSE* 

Transfer 26 g of the prepared sample, 1, to an 8 oz nursing bottle, add about 100 
cc of petroleum ether, shake 5 min., and centrifuge. Decant the clear solvent care- 
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fuUy and repeat the treatment with petroleum ether. Place the bottle containing 
the defatted residue in a warm place until the petroleum ether is expelled. Add 100 
cc of H 2 O and shake until most of the chocolate is detached from the sides and 
bottom of the bottle. Loosen the stopper and carefully immerse the bottle for 15 
min. in a water bath kept at 85-90®, shaking occasionally to remove all the chocolate 
from the sides of the bottle. Remove from the water bath, cool, and add basic Pb 
acetate soln (sp. gr. 1.25) to complete precipitation (5 cc is usually sufficient). Add 
HjtO to make a tota^ volume of 110 cc of added liquid. Mix thoroly, centj|ifuge, and 
decant the supernatant liquid thru a small filter. Precipitate the excess of lead with 
powdered dry K oxalate and filter. Dilute sufficient filtrate with an equal volume of 
H 2 O, mix, and polarize in a 200 mm tube at 20®. Obtain the invert reading at 20® 
as directed under XXXIV, 23(b). Multiply both readings by 2 to correct for dilution. 
From the data obtained calculate the percentage of sucrose (S) from the following 
formulas : 


S = 
x = 


{p-n (iio+x) 


143.0-f/2 
0.2244 (P-21d) 

L -0.00204 (P-21d) 


, in which 


, in which 


P-I 

143.0-i/2' 


11 LACTOSE IN MILK CHOCOLATE* 

Determine reducing sugars before inversion as directed under XXXIV, 37, in an 
aliquot (usually 20 cc) of the Pb-free filtrate obtained in 10. Determine reduced 
Cu as cuprous oxide by the volumetric thiosulfate method as directed under XXXIV, 
40. Correct for the cuprous oxide due to the sucrose as follows: 

Obtain the approximate percentage of lactose from the following formula, using 
the data obtained in 10. 

Pil.l+X/m)-S 
Approximate lactose ^ 

From the calculated polarimetric sucrose/lactose ratio and the total cuprous 
oxide obtained as above, determine the amount of cuprous oxide to be subtracted 
from the total cuprous oxide found, using the plot (Fig. 20). Convert the corrected 
cuprous oxide to lactose (L), using Table 9, XLII. The percentage of lactose is then 
obtained from the following relationship: 

L(110+A) 

Percentage lactose- — ^ ~ — 

U.2b 0 

in which X is the value obtained in the polarimetric sucrose determination and C 
is the volume of soln (cc) used in the above lactose determination. 

FAT 

12 Method — OJJicial 

Prepare in a Knorr extraction tube a tightly packed mat of asbestos purihed as 
for the determination of crude fiber, XXVII, 25(c), and carefully freed from coarse 
pieces. Wash the filter with alcohol, ether, and a little petroleum ether. (All pe- 
troleum ether used in this determination must be redistilled below 60®.) Weigh 2-3 
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g of the prepared sample, 1, into the tube and insert the tube into a rubber stopper 
in a filtering bell-jar connected to the suction thru a two-way stopcock, taking care 
that no rubber particles adhere to the tip of the stem. Place a weighed 150 cc Erlen- 
meyer flask at such a height that the tube stem passes thru the neck into the flask. 
(The stem of the tube should be lengthened if necessary.) Fill the tube to about f 
of its capacity with the redistilled petroleum ether, and by means of a rod having 
a flattened end stir the sample thoroly, taking care to crush all lumps. T.et stand 
% 



FIG. 20.— GRAPH USED IX CORRECTING CUPROUS OXIDE FOR EFFECT OF SUCROSE 

1 min. and drain by suction. Kegulate the suction so that the collected solvent in 
the flask will not boil violently. Add the solvent from a wash-bottle, at the same 
time turning the tube between thuml) and finger so that the sides of the tube are 
washed down by each addition. Repeat the (extractions, with stirring, until the fat 
is removed flO extractions will usually he sufficient). Remove the tube with stopper 
from the bell, wash the traces of fat from the end of the stem with petroleum ether, 
evaporate the solvent, and dry to constant weight at 100°. 

The fat-free sample may be used for the crude fiber determination. 
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13 Method 1 1 .^—Tentative 

Weigh accurately about 2 g of the prepared sample, 1 , and without previous dry- 
ing stratify the charge in an extraction tube with about 0.5 g of asbestos, XXVII, 
25(c), further washed with alcohol, ether, and petroleum ether. Extract with pe- 
troleum ether, redistilled below 00°, in a continuous extractor for 4 hours. Grind 
the material, to break up any lumps that may have formed, and re-extract for at 
least 4 hours. (It is advisable to allow the solvent to run thru the material once 
completely before applying heat for the continuous extraction.) Collect the pe- 
troleum ether extract in a weighed flask, evaporate the solvent, and dry the residue 
to constant weight at 100°. The extracted residue in the extraction tube may be 
used for the determination of crude fiber. 


14 MILK FAT IN MILK CHOCOLATE-TENTATIVE 

Estimate the quantity of milk fat in milk chocolate from the following formula 
based on a Reichert-Meissl number of 0.5 for cacao butter: 


C- 


24d +0,55 

T 


in which 


A = g of butter fat in 5 g of mixed fat; 

5 = 5 — A = g of cacao fat in 5 g of mixed fat; and 
C = Reichert-Meissl number of extracted fat. 


From 


which the 

Weight of butter fat in 5 g of mixed fat = 


C-0.5 


and the 


Percentage of butter fat ^ percentage 


of total fatX 


C-0.5 

23.5 


15 SEPARATION AND PREPARATION OF FAT— TENTATIVE 

Separate the fat from 10-40 g of sample (depending upon the fat content) by 
shaking the material with 2 or 3 100 cc portions of ethyl ether. Centrifuge and de- 
cant each portion- Combine the portions in a beaker and drive off most of the ether 
on a steam bath. Filter the ether extracts thru a dry, folded filter and dry at 100°. 

DETECTION OF COCONUT AND PALM KERNEL OILS IN CACAO BUTTER AND FAT 
EXTRACTED FROM MILK CHOCOLATE^— TENTATIVE 

16 

(a) Examination of cacao Saponify 5 g of the sample with 15 cc of alco-: 

holic KOH soln (25 g to 200 cc of alcohol) and evaporate the alcohol on a steam 
bath. Run a blank on pure cacao butter at the same time. Add 5 cc of H 2 O and 
again evaporate to remove the last trace of alcohol. Dissolve the soap in 100 cc 
of H 2 O, cool to room temp., and add, while stirring, 100 cc of saturated salt soItt^" 
Allow to stand for 15 min., stirring several times during this period, and then sep- 
arate the soap by filtration, using a Buchner funnel. To 100 co of the filtrate add, 
while stirring, lOO cc of the saturated salt soln and allow to stand for 15 min. (Only 
a slight precipitate should appear.) Filter, add to the filtrate a drop of phenol- 
phthalein indicator, neutralize with HCl (1 +3), and add 0.5 cc of this reagent in 
excess. If the sample consists of pure cacao butter, the soln when acidified will 
remain clear; if coconut or palm kernel oil is present, the soln will become turbid 
or milky. 
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(b) Examination of fat extracted from milk chocolate ,^ — Milk fat, if present in 
cacao butter subjected to this test, produces a turbidity less in intensity than that 
produced by the same percentage of coconut or palm kernel oil. For example, cacao 
butter containing 10, 15, or 20% of milk fat produces, respectively, no opalescence, 
a faint opalescence, or an opalescence. For this reason, when the fat to be examined 
has been extracted from a cacao product that contains lactose or casein, multiply 
the percentage of lactose in the cacao product by 0.8, or the percentage of casein 
by 1.1, to obtain the percentage of milk fat in the product, and from this result 
calculate the percentage of milk fat in the total fat. If this percentage corresponds 
to 15% or less, a blank of cacao butter containing 15% milk fat may be used; other- 
wise make up a mixture of cacao butter and milk fat in the proportions indicated 
by the calculations. 

Test the fat extracted from the sample under examination as directed under 
16(a), but use the prepared mixture of cacao butter and milk fat instead of the pure 
cacao butter for the blank. If the fat being tested contains coconut oil or palm kernel 
oil, the last filtrate, when acidified, will be more turbid or milky than the blank. 

CRITICAL TEMPERATURE OF DISSOLUTION OF FAT IN ACETIC ACID TEST^TENTATIVE 

17 APPARATUS 

Insert a thermometer reading to 0.1° into a cork that fits a bxi inch test tube 
and extend it far enough into the tube so that the bulb will be covered by 10 cc of 
liquid. Place the test tube in a larger tube (4X11 inch) containing glycerol and 
hold firmly in place with a cork having a groove cut in the side to equalize the 
pressure when heat is applied. 

18 DETERMINATION 

To remove traces of moisture, filter a portion of the sample to be examined thru 
a dry paper in an oven in which a temp, of about 110° is maintained. Allow the 
filtered sample to cool until barely warm and weigh 5 g of the sample and 5 g of 
99.5% acetic acid into the test tube. Insert the cork holding the thermometer and 
place the test tube in the glycerol bath. Heat, and shake the apparatus frequently 
until a clear soln of the fat and acetic acid is obtained. Allow the soln to cool, with 
constant shaking, without removing from the glycerol bath. Note the temp, at 
which the first sign of turbidity appears. Make a similar test with the same acetic 
acid on a sample of pure cacao butter. 

Free fatty acids lower the turbidity temp. A correction, therefore, must be made 
for the acid value of the sample. If the strength of the acetic acid reagent is such 
that the turbidity temp, of the pure cacao butter is approximately 90°, one unit of 
acid value will cause a reduction of in the critical temp, of dissolution. If the 
turbidity temp, is approximately 100°, one unit of acid value will cause a reduction 
of 1.2°. For intermediate temp, the reduction is proportional. 

Determine the acid value (mg of KOH required to neutralize the free fatty acids 
in 1 g of the sample) of both the sample and the pure cacao butter as directed under 
XXXI, 30, using 5 g of fat. Multiply the acid value by the correction factor and 
add the result to the observed turbidity temp. The figure obtained is the true 
critical temp, of dissolution. If the true critical temp, of dissolution of the sample 
is lower than that of the pure cacao butter by more than 3° in the case of fat from 
chocolate liquors or sweet chocolates, and by more than 6° in the case of fat from 
milk chocolates, adulteration with coconut, palm kernel, corn, peanut, cottonseed 
oils, etc., or their stearines, is indicated. 
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19 ACETONE-CAKBON TETRACHLORIDE TEST OF FATs—TENTATIVE 

Dissolve 5 cc of the warm fat, which has been previously filtered thru a dry filter 
paper in an oven at about 110“ to remove traces of moisture, in 5 cc of acetone- 
CCl 4 reagent (equal quantities of each) in a test tube. Allow the soln to stand in ice 
HjO for 20-30 min. Run a blank on a sample of pure cacao butter at the same time. 
If hydrogenated oil, tallow, oleostearin, or paraffin is present, a white flocculent 
precipitate will soon appear. If the HzO is cold enough, cacao butter may solidify. 
If a precipitate is formed, remove the sample from the ice HgO and allow to remain 
at room temp, for a time. Solidified cacao butter will soon melt and go into soln, 
but if the precipitate is due to any of the above-mentioned possible adulterants 
a much longer time will be required. 

20 MELTING POINT— OFFICIAL 

Proceed as directed under XXXI, 14. Keep the fat at least 24 hours in a cool 
place before making the determination. 

21 INDEX OF REFRACTION— OFFICIAL 
Proceed as directed under XXXI, 9. 

22 IODINE ABSORPTION NUMBER— OFFICIAL 
Proceed as directed under XXXI, 19 or 21. 

23 SAPONIFICATION NUMBER— OFFICIAL 
Proceed as directed under XXXI, 23. 

24 REICHERT-MEISSL AND POLENSKE VALUE S^— OFFICIAL 
Proceed as directed under XXXI, 27. 

SILVER NUMBER FOR DETECTION OF COCONUT AND PALM KERNEL OILS^^TENTATIVE 

25 REAGENTS 

(a) Potassium hydroxide soln. — 750 g of KOH per liter, 

(b) Magnesium sulfate soln . — 150 g of MgS 04 . 7 H 20 per liter. 

(c) Sodium nitrate. — Crystals as Cl-free as practicable to obtain 0.002% or less. 

(d) Ferric indicator. — Saturated. Use ferric potassium sulfate or ferric am- 
monium sulfate. 

26 DETERMINATION 

Weigh 10 g of fat into a 250 cc beaker aqd add 40 cc of alcohol and 5 cc of the 
KOH soln. Saponify the mixture and evaporate to dryness on the steam bath. Take 
up the soap in IKO (150 cc), warming if necessary. Cool, and make up to 260 cc. 

Pipet 200 cc of the soln into a 500 cc Erlenmeyer flask. Close the flask with a 
stopper carrying a thermometer and having a small groove lengthwise in the side. 
Place the flask in a water bath maintained at about 80“. When the sample reaches 
about 80“, loosen the stopper and introduce 50 cc of the MgSO* soln from a pipet. 
Shake the flask with a rotary motion. Replace the stopper and thermometer and 
allow the flask to remain in the bath 8-10 min. longer at 70-80“, shaking the flask 
occasionally. Remove the flask and cool under the tap, with shaking, to 20-25°. 
Remove stopper and thermometer, stopper tightly, and shake vigorously 4 min. 
Allow the flask to stand in a bath at 20-25° until a water layer separates at the 
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bottom. Filter thru a Buchner funnel, removing all liquid possible by pressing with 
a horn spoon. Run a blank on cacao butter in the same manner. 

Neutralize 200 cc of the filtrate until colorless to phenolphthalein with approxi- 
mately 0.5 iV H2SO4 soln in a 250 cc volumetric Hask. Add 20 g of the NaNOa soln 
and when dissolved add 22.5 of 0.2 .V AgNOg soln. Make to mark and shake 3 min. 
Allow the flask to stand a short time and filter thru a folded filter. To 200 cc of the 
filtrate add 0 cc of the ferric indicator and 4 cc of 40% HNO3. Titrate with 0.1 A" 
NH4SCN to first color change (reddish brown). 

Calculate as follows: 


Silver number (mg of silver used per g of fat) — (a — 5) X2.107, in which 
a = l,6Xcc of 0.2 A" silver nitrate soln added; and 
5 = cc of 0.1 iV NH4SCA soln used in back titration. 

10.78S (mg.\g per cc 0.1 .V soln) 


Factor 2.107=- 


5.12 (g of fat in aliquot titrated) 


The silver number of palm kernel and coconut oils and stearins varies from about 
26 for the stearins to 60 for whole coconut oil. Dairy butter gives a value of approxi- 
mately 11.6, and cacao butter, 0.6. 


27 CRUDE FIBERu -OFFICIAL 

(For cacao products except milk chocolate.) 

Treat 7 g of liquor or 50 g of sweet chocolate in a nursing bottle with two 100 cc 
portions of ether, centrifuging and decanting the supernatant liquor after each 
addition. Dry the residue in an oven at about 100° and then powder in the bottle 
with a flattened glass rod. (In some cases it may be necessary to grind the material 
in a mortar and extract a third time with ether.) Wash the mixture in the nursing 
bottle with three 100 cc portions of H^O at room temp., shaking well each time, 
until no cocoa material adheres to the bottle. Centrifuge after each washing for 10- 
15 min., and decant the aqueous layer. Wash the residue in the same fashion with 
two 100 cc portions of 95% alcohol and one 100 cc portion of ethyl ether, transfer 
the residue to a Pt dish, dry to constant weight, and grind in a mortar. Weigh 2 g 
of the dried material and determine the percentage of crude fiVier (D) as directed 
under XXVII, 27, using linen for both acid and alkaline filtrations. Calculate the 
percentage of crude fiber on moisture-, fat- and sugar-free basis (E) by the formula 
E^0.7D. 

28 CRUDE FIBER IN MILK CHOCOLATE— OFFICIAL 

Treat 50 g of milk chocolate with three 100 cc portions of ether in a nursing bottle, 
centrifuging and decanting the supernatant liquor after each addition. Dry the 
residue in the bottle and powder with a flattened glass rod. Shake with 100 cc of 
1% Na2C204 soln, and let stand 30 min. Centrifuge and decant the supernatant 
liquor. Wash in the nursing bottle with three 100 cc portions of distilled HjO at room 
temp,, shaking well each time, until no cocoa material adheres to the bottle. Centri- 
fuge after each washing for 10-15 min. and decant the aqueous layer. Wash the resi- 
due in the same fashion with two 100 cc portions of 95% alcohol and one 100 cc 
portion of ethyl ether. Transfer the residue to a Pt dish, dry to constant weight at 
100°, and grind in a mortar. Weigh 2 g of the dried material and determine the per- 
centage of crude fiber as directed in XXVII, 27. Use linen for both acid and alkaline 
filtrations. Percentage of crude fiber found XO. 7 = percentage of crude fiber on a 
true fat-, sugar-, moisture- and milk-free basis. 
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STARCH 

29 I. Direct Acid Hydrolyns Method — -Tenialive 

Weigh 4 g of the sample if unsweetened, or 10 g if sweetened, into a small porcelain 
mortar; add 25 cc of ether and grind. After the coarser material has settled, de- 
cant the ether, together with the fine suspended matter, on an 11 cm paper of suffi- 
ciently fine texture to retain the crude starch. Repeat this treatment until no more 
coarse material remains. After the ether has evaporated from the filter, transfer the 
fat-free residue to the mortar by means of a jet of cold H 2 O and rub to an even paste, 
filtering on the paper previously used. Repeat this process until all the sugar is 
removed. In the case of sweetened products the filtrate should measure at least 500 
cc. Determine crude starch in the extracted residue as directed under XXVII, 31. 

30 II. Diastase Method — Tentative 

Remove fat and sugar from 4 g of the sample if unsweetened, or 10 g if sweetened, 
as directed under 29. Carefully wash the wet residue into a beaker with 100 cc of 
H 2 O, heat to boiling over asbestos with constant stirring, and continue the boiling 
and stirring for 30 min. Replace the H 2 O lost by evaporation and immerse the beaker 
in a water bath kept at 55-60°. When the liquid has cooled to the temp, of the bath, 
add 20 cc of freshly prepared malt extract, XXVII, 32, and digest the mixture for 2 
hours with occasional stirring. Boil a second time for 30 min., dilute, cool, and digest 
as before with another 20 cc portion of the malt extract. Heat again to boiling, cool, 
and transfer to a 250 cc flask. Add 3 cc of alumina cream, dilute to the mark, and 
filter thru a dry paper. The residue on the paper should show no signs of starch when 
examined microscopically. Continue from this point as directed under XXVII, 33, 
beginning with the words “Place 200 cc of the filtrate in a flask, add 20 cc of HCl 
(sp. gr. 1.125).” 

31 COLORING MATTERS— TENTATIVE 

Proceed as directed under XXI, 2(e). 
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WHEAT FLOURi 

1 DIRECTIONS FOR SAMPLING— OFFICIAL 

Sample a number of sacks equivalent to the square root of the number in the lot, 
but not less than 10, i.e,, 10 from 100 or less, 15 from 225, 20 from 400 sacks, etc. 

Select the sacks to be sampled according to their exposure in the ratio of 4 from 
the most exposed, 3 from the next less exposed, 2 from the next, and 1 from the least 
exposed portion of the lot. 

From each sack to be sampled, draw a core from one corner of the top diagonally 
to the center of the sack by means of a cylindrical, pointed, polished metal trier, ^ 
inch in diameter, with a slit at least | the circumference. Draw a second core from 
the other top corner to ^ the distance to the center of the sack. 

Deliver the 2 cores at once to a clean, dry, air-tight container which has stood 
open for a few minutes near the lot of flour to be sampled and seal immediately. Use 
a separate container for each sack sampled. One of the following containers may be 
used: (1) A pint fruit jar provided with a rubber gasket; (2) a rubber pouch which 
can be tied or sealed to exclude moisture or air; (3) a tin can or box with a moisture 
and air-tight friction top. 

Before opening the sample for analysis, alternately invert and roll each container 
25 times, or more if necessary, to secure a homogeneous mixture. Avoid extreme 
temp, and humidities when opening the containers for analysis. Keep the sample 
tightly sealed at all other times. 

TOTAL SOLIDS (MOISTURE, INDIRECT METHOD) 

Vacuum Oven Method^ — Official 

2 APPARATUS 

(a) Metal dish, — Diameter about 55 mm, height about 15 min, provideil with an 
inverted slip-in cover fitting tightly on inside, 

(b) Air-tight desiccator. — Should contain reignited quick lime or CaCb- 

(c) Vacuum oven. — -Connect with a pump capable of maintaining a partial 
vacuum in the oven with a pressure equivalent to 25 mm or less of Ug and provided 
with a thermometer passing into the oven in such a way that the bulb is near the 
samples. Connect a II 2 SO 1 gas drying bottle with the oven for admitting dry air 
when releasing the vacuum. 

3 DETERMINATION 

Weigh accurately about 2 g of the well-mixed sample in a covered dish that previ- 
ously has been dried at 98-100^ cooled in the desiccator, and weighed soon after 
attaining room temp. Loosen the cover (do not remove) and heat at 98-100® to 
constant weight (approximately 5 hours) in a partial vacuum having a pressure 
equivalent to 25 mm or less of Hg. Admit dry air into the oven to bring to atmos- 
pheric pressure. Immediately tighten the cover on the dish, transfer to the de.sicca- 
tor, and weigh soon after room temp, is attained. Report the flour residue as total 
solids and the loss in weight as moisture (indirect method). 
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4 Air-Oven Method^ — Oj^cial 

(Results closely approximate those obtained by the vacuum method.) 

In a cooled and weighed dish (provided with a cover) that has been previously 
heated to approximately 130° ±3°, weigh accurately approximately 2 g of the well- 
mixed sample. Uncover the sample and dry the dish, cover, and contents for an 
hour in an oven provided with an opening for ventilation and maintained at ap- 
proximately 130° (±3°). Cover the dish while still in the oven, transfer to the 
desiccator, and weigh soon after room temp, is attained. Report the flour residue 
as total solids and the loss in weight as moisture (indirect method). 

ASH^ 

5 Method I . — OJJiciaZ 

Weigh 3 5 g of the well-mixed sample into a shallow, relatively broad ashing dish 
that has been ignited, cooled in a desiccator, and weighed soon after attaining room 
temp. Incinerate in a furnace at approximately 550° (dull red) until a light gray 
ash results, or until no further loss in weight occurs. Cool in the desiccator and 
weigh soon after room temp, is attainerl. Reignited quick lime or CaC2 is a satis- 
factory drying agent for the desiccator. 

Method JI. Quick Ashing Method^— Tentative 

6 SOLUTIONS 

Dissolve in 40% CbHsOH sufiicient of the nitrate chosen to yield upon ignition 
approximately 0.015 g of oxide per 10 cc. 

1.9935 g La (N03)3.6Il20 per liter yields 0.015 g La203 per 10 cc. 

1.8918 g Ce (NOa)^. I2H2O per liter yields 0.015 g CeOa per 10 cc. 

1,5681 g Th (N03)4-4H20 per liter yields 0.015 g Th02 per 10 cc. 

2,5441 g Y (N03)a -6H2O per liter yields 0.015 g Y2O3 per 10 cc. 

Hun a blank on the nitrate soln to determine the exact quantity of oxide present. 

7 DETERMINATION 

Weigh 3-5 g of flour into a dish approximately 65 mm in diameter and 25 mm 
in depth. Add with a pipet exactly 10 cc of the nitrate soln. Stir with a glass rod until 
all the flour is moistened. Clean the rod with a small piece of ashless filter paper 
and add the latter to the sample. Burn off excess alcohol. Transfer the dish to a 
muffle furnace that is already at 850°. Leave door of furnace open until flaming has 
ceased, then close. When the ash is entirely white (30-45 min.) remove the dishes 
to a desiccator, cool, and weigh. Weight of crude ash — weight of blank =true weight 
of ash. 

ORIGINAL ASH OF PHOSPHATED AND SELF-RISING FLOUR* 

8 Gustafson Method 

To 20-25 g of the flour in a metal centrifuge tube (cup 2 in. in diameter, 6 in. 
deep), add sufiicient CCL to fill the tube to within 1 in. of the top (about 250 cc). 
Centrifuge 5-7 min. at a speed of 1,600 r.p.m., and allow the centrifuge to come to 
rest slowly. Carefully skim off the flour, which is now in a compact layer on the 
surface of the CCh, with a large tablespoon, recovering as much of the flour as is 
possible in one spoonful. (With care, about 90% of the original flour may be re- 
covered.) Allow the wet flour to dry overnight and proceed as directed under 5. 
(The carbon tetrachloride may be filtered, distilled, and used again.) 
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9 TOTAL CARBON DIOXIDE IN SELF-RISING FLOUR* 

Use 17 g of flour and 40 cc of H2SO4 (1 +5) and proceed as directed under XVII, 
4-6, as far as the calculation. Calculate as follows: Subtract the volume of acid 
used from the total buret reading and correct for temp, and pressure. Divide the 
corrected reading by 100 to obtain the percentage of CO2 (by weight) in the self- 
rising flour. To convert CO2 to NallCOs, multiply CO2 by the experimentally de- 
termined factor 2.01. 

10 CRUDE FAT OR ETHER EXTRACT— OFFICIAL 

Proceed as directed under XXVII, 22. With fine flour the addition of an equal 
weight of clean, dry sand may be necessary. 

11 FAT (ACID HYDROLYSIS METHOD)^— OFFICIAL 

Place 2 g of the flour in a 50 cc beaker, add 2 cc of 95% alcohol, and stir so as to 
moisten all particles. (The moistening of the sample with alcohol prevents lumping 
on addition of the acid.) Add 10 cc of HCl (25 4-11), mix well, set the beaker in a 
water bath held at 70-80'’, and stir at frequent intervals for 30-40 min. Add 10 cc of 
95% alcohol and cool. Transfer the mixture to a Rbhrig or Mojonnier fat extraction 
apparatus. Rinse the beaker into the extraction tube with 25 cc of ethyl ether in 3 
portions and shake the mixture well. Add 25 cc of redistilled petroleum ether (b. p. 
below 60“) and mix well. Let stand until the upper liquid is practically clear. Draw 
off as much as possible of the ether-fat soln thru a filter consisting of a pledget of 
cotton packed just firmly enough in the stem of a funnel to allow free passage of the 
ether into a weighed 125 cc beaker-flask containing some porcelain chips or broken 
glass. Before weighing the beaker-flask dry it in a drying oven at 98-105® and then 
allow it to stand in the air to constant weight. Re-extract the liquid remaining in 
the tube twice, each time with only 15 cc of each ether. Shake well on the addition 
of each ether. Draw off the clear ether solns thru the filter into the same flask as 
before and wash the tip of the spigot, the funnel, and end of the funnel stem with 
a few cc of a mixture of the 2 ethers in equal volumes free from suspended H2O. 
Evaporate the ethers slowly on a steam bath, then dry the fat in a drying oven at 
90-105® until it ceases to lose weight (approximate!}- 75 min.). Remove the flask 
from the oven, allow it to stand in tlie air until no further change in weight takc.s 
place, and weigh. (Owing to the size of the flask and the nature of the material, 
there is less error by cooling in air than in a desiccator.) (Jorrcct this weight by 
a blank determination on the reagents used. 

12 CRUDE FIBER-OFFICIAL 

Proceed as directed under XXVII, 25-27. 

13 ACIDITY OF WATER EXTRACT -TENTATIVE 

Weigh 18 g of the flour into a 500 cc Erlenmeyer flask and add 200 cc of C.'Oa-frec* 
H2O. Keep the flask, loosely stoppered, for an hour in a water bath maintained at 
40®, shaking occasionally. Filter thru a dry, folded filter, returning the first 10-15 
cc of the filtrate to the filter. Titrate 100 cc of the clear filtrate with 0.05 N NaOH 
.soln, using phenolphthalein indicator. 1 cc of 0.05 N NaOH soln =0.05% acidity 
as lactic acid. 

14 HYDROGEN-ION CONCENTRATION^ OFFICIAL, FIRST ACTION 

Weigh 10 g of flour (or some multiple thereof) into a clean, dry Krieiimeyer flask 
'and add for each 10 g of flour 100 cc of distilled H2O at a temp, of 25®. Shake or 
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whirl the flask until the particles of flour are evenly suspended and the mixture is 
free from lumps. Place in a thermostat at 25° and shake, continuously or intermit- 
tently in such a manner as to keep the flour particles in suspension, for 30 min. 
Pour the extract into centrifuge tubes and whirl 5 min. Then pour the soln thru a 
hardened, dry, folded filter paper, discarding the first 5 cc and catching the re- 
mainder of the liquid in the colorimetric hydrogen-ion vessels. Immediately deter- 
mihe the hydrogen-ion concentration by comparison with suitable colorimetric 
standards. 

15 SUGARS— TENTATIVE 

Determine reducing sugars and sucrose as directed under XXVII, 28, 29, and 30. 

16 PROTEIN— OFFICIAL 

Determine N as directed under II, 21, 23, or 25, and multiply the percentage of 
N by 5.7 to obtain the percentage of protein. Use the factor 5.7 to convert N to 
protein in wheat used either for manufacturing purposes or for human food. 

70 PER CENT ALCOHOL-SOLUBLE PROTEINS 

17 By Nitrogen Determination — Tentative 

Transfer 4 g of the flour to a 150-200 cc bottle or Erlenmeyer flask and add 100 cc 
of alcohol, 70% by volume, taking care that none of the material adheres to the 
bottom of the container. Shake thoroly 10-12 times at intervals of 30 min. at room 
temp., or shake continuously in a shaking machine for 1 hour, and then set aside 
overnight. Again shake thoroly and filter thru a dry, folded filter, returning the 
first runnings to the filter until a clear filtrate is obtained. Pipet 50 cc of the filtrate, 
equivalent to 2 g of the sample, into a Kjeldahl flask; dilute with 100 cc of H 2 O to 
prevent frothing during digestion; and determine N as directed un,der II, 21, 23 
or 25. Make a blank determination on the reagents. 

By Polarization-Tentative 

18 REAGENT 

Milton's reagent . — Dissolve metallic Hg in an equal weight of HNO3 and dilute 
the soln with an equal volume of H 2 O. A freshly prepared soln must be used. 

19 DETERMINATION 

Weigh 15.97 g of the flour into a 300 cc flask and add 100 cc of alcohol (sp. gr. 
0.90). Shake at 30 min. intervals for 3 hours and let stand overnight. Filter thru a 
dry, folded filter and polarize in a 200 mm tube. Precipitate the proteins in 50 cc 
of the filtrate by the addition of 5 cc of Millon’s reagent. Shake, filter, and polarize 
the filtrate in a 200 mm tube. Multiply the reading in degrees Ventzke by 1.1 to 
correct for the dilution and deduct the product from the first reading. This differ- 
ence, multiplied by 0.2, gives the percentage of gliadin N.® 

20 PROTEINS SOLUBLE IN 5 PER CENT POTASSIUM SULFATE SOLUTION— TENTATIVE 

Weigh 6 g of t he flour into a 200 cc flask and introduce exactly 100 cc of 5% 
K 2 SO 1 soln. Shake at 30 min, intervals for 3 hours or, better, agitate at moderate 
speed in a mechanical shaker for 1 hour; let settle 30 min.; and filter. Determine 
the N in 50 cc of the filtrate as directed under II, 23 or 25, making allowance for the 
N contained in the reagents. 
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21 GLOBULIN AND ALBUMIN (EDESTIN AND LEUCOSIN) AND AMINO NITROGEN— 

TENTATIVE 

Weigh 10 g of the flour into a 500 cc Erlenmeyer flask, add 250 cc of 1 % NaCl 
soln, stopper the flask, and shake thoroly. Let stand, with occasional shaking, for 3 
hours; filter; and evaporate 100 cc of the filtrate to a small volume in a Kjeldahl 
digestion flask with 5 cc of HzSO^. Add 25 cc more acid and determine the N as di- 
rected under 21, 23, or 25. To a second 100 cc of the filtrate add 5 cc of 20% phospho- 
tungstic acid soln, shake thoroly, allow to settle, and filter by decantation. Wash 
slightly with HjO, concentrate the filtrate with 5 cc of H2SO4 in a Kjeldahl flask, and 
determine the amino N as directed under II, 21, 23, or 25. Deduct the amino N from 
N found in the first fraction to obtain the N as globulin and albumin. Make allow- 
ance for the N contained in the reagents. 

GLUTENIN 

22 Method I . — Tentative 

Deduct the sura of the K2S04-soluble K, 20, and the alcohol-soluble N, 17, from 
the total organic and ammoniacal N, 16, and multiply the difference by 5.7. 

23 Method II. — Tentative^^ 

(Flour and reagents should be allowed a minimum exposure to the air at all times.) 

Weigh 8 g of flour into a 200 cc flask, preferably a sugar flask or one that readily 
permits thoro mixing of the suspension when shaken. Add 0.2 g of freshly powdered 
Ba(OH)2, follow at once with 50 cc of distilled HjO (COa-free), and stopper tightly. 
Shake immediately to form a smooth suspension. Let stand for 1 hour at room 
temp., shaking frequently. Add sufficient 96% methyl alcohol free from acids, alde- 
hydes, and ketones (synthetic methanol preferred) to allow 5 cc of liquid above the 
mark (to correct for volume of flour) when thoroly mixed. Shake vigorously for 2 
min. After the starch settles to the bottom, pour the supernatant liquid at once thru 
a cotton plug, repeating the filtrations 2 or 3 times if necessary. Immediately with- 
draw 50 cc for a Kjeldahl X determination, 11, 17. Do not allow more than 15 min. 
to elapse from the time the methyl alcohol is added to the withdrawal of the 50 cc 
aliquot, because gliadin will begin to precipitate after standing for a short period 
of time. To prevent troublesome foaming add 150-200 cc of HjO to the Kjeldahl 
flask before starting the digestion of the alcoholic extract. Convert the N to protein 
by the factor 5.7, subtract the percentage of protein in the extract from the per- 
centage of total protein (X X5.7) as determined in a separate portion of flour, and 
record the difference as the percentage of glutenin in the flour. 

CRUDE GLUTEN 

24 Qualitative Test^ — Tentative 

Place a very small quantity of the flour (about 1,5 mg) on a microscope slide; add 
a drop of HjO containing 0.2 g of water-soluble eosin in 1 liter; and mix by means 
of a cover-glass, holding it at first in such a manner that it is raised slightly above 
the slide and taking care that none of the flour escapc.s from beneath it. Finally allow 
the cover-glass to re.st on the slide and rub it back and forth until the gluten has 
collected into rolls. Carry out the operation on a white paper so that the formation 
of the gluten rolls can be easily noted. Wheat flour, or other flours containing gluten, 
show by this treatment a copious quantity of gluten, which absorbs the eosin with 
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avidity, assuming a carmine color. Rye flour and corn flour yield only a trace of 
gluten; buckwheat flour, no appreciable quantity. If the flour is coarse or contains 
a considerable quantity of bran elements, as is true of buckwheat flour and low- 
grade wheat flour, make the test after bolting, as the bran particles and coarse 
lumps interfere with the formation of gluten rolls. 

Quantitative Method — Tentative 

25 (Results are approximate.) 

Weigh 25 g of the flour into a cup or porcelain mortar; add sufficient tap HjO 
(about 15 cc) to form a firm dough ball; and work into a dough with a spatula or 
pestle, taking care that none of the material adheres to the utensil. Allow the dough 
to stand in HjO at room temp, for an hour; knead gently in a stream of tap H2O 
until the starch and all soluble matters are removed- Do this operation, which re- 
quires approximately 12 min., over boiling cloth. To determine whether or not the 
gluten is starch-free let 1 or 2 drops of the wash H2O, obtained by squeezing the 
gluten, fall into a beaker containing perfectly clear H2O. If starch is present, a 
cloudiness appears. Allow the gluten thus obtained to stand in H2O for an hour, 
press as dry as possible with the hand, roll into a ball, place in a weighed flat- 
bottomed dish, and weigh as moist gluten. Transfer to an oven, dry to constant 
weight at 100® (about 24 hours), cool, and weigh as dry gluten; or heat the moist 
gluten at approximately 230® for 15-20 min., or until the puffed gluten ball has 
become firm. Dry to constant weight in a drying oven. 

26 WATER-SOLUBLE PROTEIN-NITROGEN PRECIPITABLE BY 40 PER CENT ALCOHOL^*— 

TENTATIVE 

Place 20 g of the sample in an 8 oz nursing bottle, add 100 cc of H2O from a pipet, 
shake the bottle to prevent lumping of the sample, and add exactly 100 cc more 
11*0. Mix the contents of the stoppered bottle gently by hand or on a slowly re- 
volving wheel for 1 hour. (The temp, of the H2O should not exceed 30®.) Centrifuge 
to facilitate filtration and filter thru a thin pad of ignited asbestos (fine) in a Hirsch 
funnel, using light suction. Determine N in 50 cc of the filtrate as directed under II, 
21, 23, or 25, distilling the NH3 into 20 cc of 0.1 A acid. Run a blank on the reagents. 
Pipet off 100 cc of the above filtrate into a 200 cc volumetric flask, add 15 cc of NaCl 
soln (28 g diluted to 300 cc), fill nearly to the mark with 95% alcohol, mix carefully 
to avoid foaming, cool to room temp., make up to the mark with alcohol, mix well, 
and allow to stand overnight. Pipet off the supernatant liquid and filter thru an 
18i cm fluted filter paper. Determine N in 100 cc of the filtrate as above. (In order 
to avoid bumping, it is advisable to add the H2S04 and boil off the alcohol before 
adding the K2S04 and HgO.) Subtract the value obtained from the water-soluble N 
to obtain the water-soluble N precipitable by 40% alcohol. 

27 LIPOIDS'^— OFFICIAL 

Add 15 cc of alcohol, 70% by volume, to 5 g of the flour in a 200 cc nursing bottle. 
Give the bottle a gentle rotary motion so as to moisten all the particles with the al- 
cohol, stopper, and set in a water bath kept at 75-80°. Heat for 15 min. with fre- 
quent mixing by the same rotary motion. Add 27 cc of 95% alcohol, stopper the 
bottle, and shake vigorously for 2 min. Cool, add 45 cc of ether, and shake well for 
6 min. (The sample should now be'in a fine state of division.) Centrifuge just suffi- 
ciently to throw the solid particles out of suspension but not so as to pack the sample 
too firmly. Decant the liquid into a 250 cc beaker containing some bits of broken 
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porcelain or glass, and rinse off the bottle neck with ether. Re-extract the sample 
with 3 successive 20 co portions of ether, shake 1 or 2 min. each time, centrifuge, 
and decant into the beaker containing the first extract. Evaporate the combined 
ether-alcohol extracts just to dryness on the steam bath. Drive off any remaining 
moisture on the sides of the beaker by placing in a drying oven at 98 105° for 5 min. 
Dissolve the dry extract in approximately 15 cc of CHC^lg and filter the soln into a 
previously dried and weighed Pt dish thru a pledget of cotton packed in the stem 
of a funnel. Free with a glass rod any solid extract adhering to the beaker and trans- 
fer thru the filter into the first washings by means of CHCb from a wash bottle all 
extract from the beaker bottom and sides. Finally wash the funnel and stem tip. 
The filtrate should be perfectly clear. Evaporate the CHCb on a steam bath and 
dry the dish and contents in a drying oven at 98-105'" until no more weight is lost 
(75-90 min.). Weigh. Report the extract as lipoids. 

28 LIPOID PHOSPHORIC ACID’^ (P,0»)— OFFICIAL 

Dissolve the lipoids in 5-10 cc of CHCb, add 5-10 cc of 4% alcoholic KOH soln, 
evaporate to dryness on a steam bath, and char well in a furnace at a faint red heat. 
Cover the dish with a cover-glass, add sufficient IINO3 (1+9) to make the soln 
slightly acid, warm on a steam bath, and filter. Wash the residue and filter w^ell 
with hot IDO. Determine P 2 O 5 in the filtrate as directed under II, 9 or 12. Report 
as lipoid PjOs. 


UNSAPONIFIABLE RESIDUE^* 

29 Modified Kerr-Sorber Method^'^ — Tentative 

Place the extract from 5 g of flour prepared as directed under 27 in a 100 -200 cc 
saponification flask. Add 3 cc of KOH soln (100 g KOH in 100 cc H 2 O). Place a 
small, short-stemmed funnel in the neck of the flask to serve as a condenser. Boil 
gently on the steam bath for about 20 min., or until complete saponification occurs. 
Cool to about 30% add 50 cc of ether, mix, and transfer to a 500 cc separatory funnel. 
Rinse the flask with 2 successive 50 cc portion.s of ether, add to the separatory 
funnel, and mix thoroly. Wash the saponification flask with 100 cc of an approx- 
imately 0.2 A' KOH soln (11.2 g dissolved in 1000 ccof HjO)and pour into the sep- 
aratory funnel in a slow', steady stream. Rotate the funnel very gently to secure 
better contact of the solns but do not shake, because shaking at this stage produces 
a stubborn emulsion. Allow the liquids to separate completely and slow ly draw off 
as much of the soap soln as possible. Do not draw' off any layer of emulsion that 
may be formed. Keep the volume of the ether at about 150 cc by replacing that 
dissolved by the wash solns. Further treat the ether soln with 2 succe.ssive 100 cc 
portions of the dilute KOH soln in the manner de.scribed previously. Aild 30 cc of 
HjO to the ether and rapidly rotate the liquid layers. When the layers have separat- 
ed completely, draw off the H 2 O, repeating this treatment until the washings are free 
from alkali, as shown by testing with phenolphthalein (3 washings usually .suffice). 
Transfer the ether soln quantitatively thru a pledget of cotton in the stem of a 
funnel to a weighed 250 cc Erlenmeyer or beaker flask. Before w eighing the flask dry 
it in an oven at about 100°, and then allow it to stand in the air to constant w^eight. 
Distil off the ether and dry the flask and residue at about 100° until no further loss 
in w’eight occurs. Allow the flask with unsaponiftable matter to come to equilibri- 
um with the atmosphere before weighing. Deduct from the weight of the un sap- 
onifiable matter any blank obtained from the reagents used. 
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30 EXTRACT SOLUBLE IN COLD WATER— TENTATIVE 

Weigh 20 g of the flour into a 500 cc Erlenmeyer flask and add gradually 200 cc 
of H2O at a temp, not higher than 10®. Shake vigorously when about 50 cc of HaO 
has been added and continue shaking during the addition of the remaining H2O. 
Allow to stand at 10® for 40 min., shaking occasionally. Filter rapidly, returning the 
first runnings to the filter, until a clear filtrate is obtained. Pipet 20 cc of the clear 
filtrate into a weighed dish, evaporate to dryness on a steam bath, and dry to con- 
stant weight in an oven at about 100® for periods of 30 min. 

STARCHi<i— TENTATIVE 

31 REAGENT 

Hydrochloric acid . — Mix approximately equal volumes of HCl and H^O and ad- 
just by titration so that 100 cc of this soln contains 20.5-21.0 g of HCl. 

32 DETERMINATION 

Weigh accurately a sufficient quantity of finely ground sample (should readily 
pass thru a 20-mesh sieve) to represent 0.5 1.0 g of starch. Transfer to a funnel 
fitted with a 9 cm S & S No. 589 white ribbon or Whatman No. 40 filter paper 
and extract by nearly filling the filter 4 times with ethyl ether; likewise extract with 
alcohol (70% by volume) and with IIoO. Allow to drain 1 hour uncovered. Transfer 
the drained filter and contents to a 50 cc beaker. In the next step use a stirring rod 
having a flattened button-like end 15 mm in diameter, and (very important) tamp 
with a twisting motion during the time specified in order to get the filter paper 
completely disintegrated and thus insure the complete suspension of the starch in 
the HCl soln but not to hydrolyze any of it. Complete the maceration while there is 
a small amount of HCl present and the whole contents is a rather thick paste. (If 
this optimum condition is obtained practically duplicate results will follow.) Add 
the HCl reagent at 15® to the beaker containing the sample, using a fast delivering 
10 cc Mohr pipet with 1 cc marked off at the lower end with heavy pencil marks. 
Keep the acid supply on the bench, but do not allow it to get above 18°. 

Proceed as follows, adding the HCl in the quantities given: Add 1 cc, tamp 1 
min.; add 1 cc, tamp 2 min.; add 1 cc, tamp 2 min.; add 1 cc, tamp 1 min.; add 1 cc, 
tamp 1 min.; add 1 cc, tamp 1 min.; add 1 cc, tamp 1 min. 

Fill the beaker half full with the acid and stir 30 sec. Fill beaker 4 full and stir 
30 sec. (In 10 min. during this treatment the paper should be completely disinte- 
grated and in a smooth state of suspension, the tamping should be continued vigor- 
ously during this time, and as little time as possible should be spent adding the 
acid.) Immediately transfer to a 100 cc wide-mouthed volumetric flask, rinsing out 
the beaker with the HCl; carefully make to volume with the HCl reagent and add 
0.5 cc for volume of filter paper (this step requires 2 min.). Shake the stoppered 
flask vigorously for 5 min, and allow to stand 5 min. in a beaker of H2O at 20°. 
Shake twice aiid filter immediately into a 250 cc suction flask thru a small Buch- 
ner funnel (41 mm in diameter) fitted with a thin layer of asbestos and filled 
half full with dry, fluffy asbestos. (The filtration requires 1 min. only.) Immediately 
pipet 50 cc of the filtrate into a 200 cc beaker (tall form) containing 115 cc of 95% 
alcohol (The quantitv of starch finally weighed will then vary from 0.25-0.5 g. 
The time consumed from the initial addition of the acid is 24 min.) Allow the pipet 
to drain completely and then stir with a whipping motion for 1 min. to flocculate 
the precipitated starch. Wash down the sides of the beaker with 70% alcohol. Allow 
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to stand 3-4 min., until nearly all the precipitate has settled, and then carefully 
decant the supernatant liquid, which is somewhat turbid, so that little or no pre- 
cipitate passes into the weighed Gooch crucible, which has been fitted with a thin 
pad of ignited asbestos and is half filled with fluffy ignited asbestos. Wash the pre- 
cipitate, and filter by decantation, using successively two 40 cc portions of 70% 
alcohol (by volume), then 4 times, using about 30 cc portions of 95% alcohol, each 
time breaking up the precipitate by rapid stirring and allowing the precipitate to 
settle before decantation. After each stirring rinse the sides of the beaker with a 
small stream of alcohol to prevent the starch from drying and sticking. Finally 
transfer the starch completely by means of a jet of 95% alcohol and wash the sides 
of the Gooch and precipitate with a little of the alcohol. (All these filtrations are 
very fast.) Dry the crucible and contents uncovered for 2 hours at 130°; cover the 
crucible immediateh" and place in a desiccator charged with P2O6, fresh H2SO4, 
or freshly ignited CaO; cool 10 min. and weigh. Multiply the result by 2 and report 
as starch. Caution: To obtain satisfactory results, these directions must be followed 
carefully in every detail. As the steps are timed it is essential to learn the procedure 
so that no time will be lost in following it thru. Arrange everything needed in the 
determination before the HCI is added to the sample. 

CHLORINE 

33 Qualitative Test {Chlorine- Bleached Flours) — Tentative 

Extract 30 g of the flour with gasoline and allow the solvent to evaporate. A small 
quantity of oil remains. Heat a piece of Cu wire in a colorless gas flame until it is 
black and no longer colors the flame green. Dip the hot end of the wire into the oil 
and again bring into the flame. If Cl or Br has been used as a bleaching agent, a 
green or blue coloration is produced. 

Quantitative Method 7 .*® — Tentative 

34 REAGENTS 

(a) Fetroleum ether. — Fractionated at 60-100°. Avoid low-boiling petroleum ether 
because of errors introduced thru rapid evaporation. 

(b) Alcoholic sodiuin hydroxide soln. — Dissolve 40 g of NaOM in 1 liter of 95% 
alcohol. 

(c) Potassium chromate indicator. — Dissolve 5 g of KiCr04 in H3O, add the 
AgXOs soln (d) until a slight red precipitate is produced, filter, and dilute to 100 cc. 

(d) Standard silver nitrate soln. — Dissolve 4.791 g of AgNOj in HjO and dilute 
to I liter. 1 cc — I mg of Cl, Check by titration against a standardized soln of NaCl. 

35 DETERMINATION 

Weigh 75 g of the flour into a cork-stoppered bottle and add from a pipet 150 cc 
of the petroleum ether. Stopper tightly and shake vigorously for about 1 min. Allow 
to stand 1 hour, again shake until the flour particles are in suspension, and set aside 
overnight. Shake once more to suspend the flour particles, allow to settle for a few 
min., and filter thru a dry folded filter. (The funnel and receiving flask should be 
covered to reduce evaporation during filtration.) Pipet 50.ee of the filtrate into a 
Pt dish of about 80 cc capacity. If a Pt dish of this size is not available, evaporate 
the 50 cc of filtrate to a small volume in a porcelain evaporating dish on a steam 
bath and carefully transfer the fatty concentrate to a small Pt dish, washing out the 
last traces of fat with several portions of petroleum ether. Add 5 cc of the alcoholic 
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NaOH soln and evaporate to dryness on a steam bath. Char carefully in a muffle 
at low redness. Extract the charred mass with 2 successive 20 cc portions of HNOa 
(1+3), being careful to avoid mechanical losses due to evolution of CO2. Filter these 
extracts thru a 7 cm quantitative filter paper into a 300 cc flash. Extract the mass 
2 or 3 times with HaO, filtering each portion thru the same 7 cm paper. Return this 
filter paper to the Pt dish containing the charred residue and* ignite to a white ash 
in a muffle furnace. Dissolve the ash in HNO3 (1+16) and add to the soln already 
obtained. Neutralize the acidity with a slight excess of dry CaCOs, add 5 cc of the 
K2Cr04 indicator, and titrate with the standard AgNOa soln. At the same time and 
under the same conditions prepare and conduct a blank containing the quantity 
of all reagents used in the determination. Since CaCOs commonly contains appre- 
ciable quantities of chlorides, a definite weighed quantity of this reagent should be 
used in each determination and the same quantity used in the blank. Correct the 
buret reading by the number of cc of the standard AgNOj soln required to give in 
the blank the shade obtained at the end of the titration of the sample, using in both 
sample and blank 5 cc of the K2Cr04 indicator. Report results in parts of Cl per 
million of flour. 

Since the quantity of Cl involved in this determination is relatively small, care 
should be taken to insure that the laboratory atmosphere is .as free from 01 as 
possible. 


Quantitative Method — Tentative 

36 REAGENTS 

(a) Alcohol. — 70%. Mix 73 volumes of 95% alcohol with 27 volumes of H3O. 

(b) Alcoholic soda soln. — To 95% alcohol add metallic Na cut into small pieces 
in the proportion of 40 g of Na to 1000 g of alcohol. 

(c) Ferric-ammoniufn alum soln. — To a cold saturated soln of ferric-ammonium 
alum add enough HNO3 to cause the disappearance of the brown color. 

37 DETERMINATION 

Weigh 20 g of flour into a 500 cc Erlenmeyer flask, add 60 cc of 70% alcohol, place 
the flask upon a steam bath, and heat gently (H2O should steam but not boil), at 
the same time rotating the flask until the flour and liquid form a uniform mixture. 
Add 60 cc of 95% alcohol. Stopper the flask and shake thoroly for 2 min. Allow to 
cool Add 75 cc of ethyl ether and shake the flask thoroly, then add 150 cc of petro- 
leum ether, and again shake the flask thoroly. Pour the entire liquid contents into 
a separatory funnel, being careful to avoid, so far as possible, transference of any 
flour particles. Add to the flask containing the flour, 40 cc of petroleum ether, shake 
thoroly, and pour the contents into the separatory funnel Repeat with another 40 
cc portion of petroleum ether. Wash the solvents twice with H2O, using 30 cc of 
HjO the first time and 10-12 cc the second time; shake thoroly each time, and allow 
to stand until two sharply defined layers of liquid are formed. Run the washed sol- 
vents into a large evaporating dish (or beaker), add 10 cc of the alcoholic soda soln, 
and evaporate to about 10—15 cc. Pour this liquid into a 50 cc Pt dish and wash out 
the evaporating dish wdth small portions of 95% alcohol until all the liquid and 
residue have been transferred to the Pt dish. Evaporate the contents of the dish to 
dryness on the steam bath and place the dish with the residue over a small yellow 
flame of a Bunsen burner. Char the residue but do not heat even to low redness be- 
cause the alkali may react with the Pt. Allow to cool and add a small quantity of 
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HjO and 5 cc of HNOa (2 + 1). Boil, and then pour thru an ashlesa filter paper (12^ 
cm in diameter), catching the filtrate in a sugar flask calibrated at 100 ce and 110 cc. 
Again boil the residue with a small quantity of H2O and filter. Remove the filter 
paper, fold once and place in a Pt dish, and heat to low redness until practically 
all the paper and residue have been reduced to a gray ash, applying low heat to pre- 
vent volatilization ofi chlorides. Add a small quantity of H2O and 2.5 cc of HNO3, 
boil, and filter. Again boil once or twice with small quantities of HjO, filtering as 
before. Add to the liquid in the sugar flask 25 cc of 0.005 N AgNOs soln, add H2O 
to bring the liquid approximately to the 100 cc mark, and place the flask in boiling 
H2O for about 5 min. Remove, and allow to cool to room temp. Bring the liquid 
exactly to the 110 cc mark by adding HgO, stopper the flask, and mix the contents 
well. Filter thru a dry, fine-pore filter paper (12.5 cm in diameter), and return the 
first portion of the filtrate to the original soln. Continue to refilter until the filtrate 
is entirely clear, and thus secure 100 cc of filtrate. Transfer the entire 100 cc to a 
white porcelain casserole, add 2 cc of the ferric-ammonium alum soln, and titrate 
with 0.005 A’ KCNS until a permanent light brown coloration appears. Deduct the 
blank determined on all the reagents used and calculate results to the dry basis. 

NITRITE NITROGEN— TENTATIVE 

38 REAGENTS 

(a) Suljanilic acid soln . — Dissolve 0.5 g of sulfanilic acid in 150 cc of 20% acetic 
acid. 

(b) Alpha-naphthylamine hydrochloride soln. — Dissolve, by heating, 0.2 g of the 
salt in 150 cc of 20% acetic acid. 

(c) Standard nitrite soln . — Dissolve 0.1097 g of dry AgNOs in about 20 cc of hot 
HjO, add 0.10 g of NaCl, shake until the AgCl flocculates, and dilute to 1 liter. 
Draw off 10 cc of the clear soln and dilute to 1 liter. 1 cc of the last soln =0.0001 mg 
of N as nitrite, XXXVII, 14(c). 

The AgNOj may be prepared as follows; To a cold soln of about 2 g of NaNOs or 
KXO2 in 50 cc of H2O, add a soln of AgNOs so long as a precipitate forms. Decant 
the liquid and thoroly wash the precipitate with cold H.O. Dissolve in boiling H2O. 
(On cooling, the AgN02 crystallizes out.) Dry the crystals in the dark at ordinary 
temp, (preferably in a vacuum). 

39 DETERMINATION 

(1) Select a series of 100 cc volumetric flasks of uniform dimen.sions and color an<l 
place 2 g of high-grade, nitrite-free flour in each flask; add approximately 70 cc of 
nitrite-free H2O and shake until the flour is thoroly moisterietl. Add to these flask.s 
varying quantities of the standard NaXO^ soln, so that a series of comparison stand- 
ards will be obtained having a range covering the probable nitrite content of the 
unknown sample. Reserve one flask for a blank test. In order to avoid making a 
large series of standard-^ it is well to make a preliminary test to ascertain the approxi- 
mate nitrite content of the unknown. If the quantity of nitrite present is small, the 
nitrite .soln in the flasks may be increased by 0.4 cc each. If bleaching is excessive, 
1 g of flour may be u.sed thniout, or the standards may be given a wider variation 
in nitrite content. 

To each of 2 similar flasks add 2 g of the flour and 90 cc of H2O; shake thoroly; 
digest all the flasks, including the blank, in a water bath at 40“ for at least 15 min,; 
and add 2 cc each of the sulfanilic acid and alpha-naphthylamine hydrochloride 
solns to each flask, shaking the mixture after the addition of each reagent, ('ontinne 
the digestion at 40“ for an additional 20 min. (The color must be developed in all 
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the flasks under conditions as nearly uniform as possible.) Make up to the marks 
with nitrite-free H2O and compare the unknown with the series of standards. This 
may be done in a large, white-enameled pan, the effect of the turbidity due to the 
flour being minimized by the white background. The solns should be allow'ed to 
subside and should not be shaken during comparison; or, 

(2) Weigh 20 g of the flour into a 500 cc Erlenmeyer flask;, add 200 cc of nitrite- 
free H2O, previously warmed to 40""; and close the flask with a rubber stopper. 
Shake vigorously for 5 min. and digest for 1 hour in a water bath, keeping the temp, 
of the liquid in the flask at 40® and shaking at 10 min. intervals. Finally filter thru 
a nitrite-free filter. Return the first runnings to the filter until a clear filtrate is ob- 
tained. Pipet 50 CO of the filtrate and 50 cc of the standard nitrite soln into small 
flasks; add to each 50 cc of H2O and 2 cc each of the sulfanilic acid and alpha- 
naphthylamine hydrochloride solns; shake; and allow to stand 1 hour to bring out 
the color. Compare the two solns in a colorimeter. Divide the height of the column 
of the standard soln by that of the soln of the sample to obtain the parts of nitrous 
N (free and combined) per million of flour. 

40 BENZOYL PEROXIDE BLEACH IN F LOUR TENTATIVE 

Add a mixture of 125 g of flour, 100 g of salt, and 80 g of CaCE (dried) to a short- 
necked 800 cc Kjeldahl flask which contains 250 cc of H2O and 30 cc of HCl and 
shake vigorously. Immediately connect for steam distillation and distil 325 cc as 
rapidly as possible after initial foaming. Saturate the distillate with 100 g of salt, 
transfer to a 500 cc separatory funnel, and extract with 50 cc of ethyl ether. Again 
extract the salt sola with 50 cc of ethyl ether and discard the salt soln. Pour the 
ether from the two funnels into a large, flat crystallizing dish and evaporate at 
room temp, with the aid of an electric fan. Dissolve the residue in 5 cc of acetone, 
add 7 cc of 2 .V NaOH, and transfer to a 150 cc beaker. Rinse the crystallizing dish 
into the beaker with 35 40 cc of II 2O. Heat over a flame, carefully at first, then boil 
about 20 min. until all the actone is removed. Add H2O occasionally to keep the 
volume approximately constant. While hot transfer to a separatory funnel and add 
25 cc of amyl alcohol. Pour the lower layer into a 250 cc separatory funnel and ex- 
tract again with 20 cc of amyl alcohol. Pour the lower layer into a 250 cc casserole. 
Combine the amyl alcohol solns, add an equal volume of petroleum ether, and ex- 
tract 3 times with 5 cc of H2O, and add to the aqueous soln in the casserole. Discard 
the amyl alcohol-ether soln. Add 2 cc of superoxol (30% hydrogen peroxide) to the 
aqueous soln. Bring to boiling slowly and boil until foaming ceases. Cool. Make acid 
to litmus with H28O4 (1+1). Pour into a small separatory funnel. Cool, and extract 
twice with 20 cc of a mixture of equal parts of ethyl ether and petroleum ether. Pour 
the combined ether extract into a large test tube, add 2 cc of 2 N NaOH, stopper 
the tube, and sliakc. Place a thread in the tube to insure even boiling and evaporate 
slow'ly at first, by holding over steam. Place the tube in a vigorously boiling satu- 
rated salt soln. Add a drop of superoxol and when the foaming ceases add another 
drop. Continue adding a drop at a time until the soln is almost colorless. Add a drop 
or two of H2O occasionally if the evaporation is too rapid. Evaporate completely to 
dryness and heat at 100° in a vacuum for about 30 min. Cool, and add 0.3 g of 
KNOs and 3 cc of H2SO4. Heat in a boiling water bath for 20 min., taking care to 
get all the solid material into soln. (The aid of a stirring rod is essential.) Cool the 
tube in cold H2O and add 6 cc of H2O with stirring. When cool, add 15 cc of NH40H 
slowly with continuous stirring to keep the soln cool. Add 2 cc of 6% hydroxylamine 
hydrochloride soln and place in a 65° water bath for 5—6 min., stirring occasionally. 
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Cool in cold HjO, filter into another similar tube, and observe the color of the 
filtrate. A red color indicates the presence of benzoic acid. 

To make this method semiquantitative proceed as follows; 

Prepare a series of standard tubes containing 0.2-1. 5 mg of benzoic acid in ether 
soln (1 mg to 1 cc). Add 2 cc of 2 A NaOH to each. Mix by shaking and proceed 
exactly as with the sample, starting, ^‘place the tube in a vigorously boiling satu- 
rated salt soln.^' Comparison of the sample with the standards familiarizes the 
analyst with the color to be expected and offers an approximate estimation of the 
amount of benzoic acid recovered. For the calculation of the approximate amount 
of benzoic acid in p.p.m. multiply the sample reading in mg by 32. This factor is 
based on a 125 g sample and a minimum recovery of 25% benzoic acid. 

41 GASOLINE COLOR VALUE— TENTATIVE 

Place 20 g of the flour in a wide-mouthed, glass-stoppered 120 cc bottle and add 
100 cc of colorless gasoline. Stopper tightly and shake vigorously for 5 min. Allow 
to stand 16 hours, shake again for a few seconds until the flour has been loosened 
from the bottom of the bottle and thoroly mixed with the gasoline, then filter im- 
mediately thru a dry 11 cm paper into an Erlenmeyer flask, keeping the funnel 
covered with a watch-glass to prevent evaporation. In order to secure a clear fil- 
trate, allow a certain quantity of the flour to pass over into the filter, and pass the 
first portion of the filtrate thru a second time. (It will be found convenient to fit 
the filter paper to the funnel by means of HaO and to dry thoroly either by standing 
overnight in a well-ventilated place or by heating.) 

Determine the color value of the clear gasoline soln in a Schreiner or similar colorim- 
eter, using for comparison a 0.005% K 5 Cr 04 soln. This soln corresponds to a 
gasoline number of 1.0 and is conveniently prepared by diluting 10 cc of a 0.5% soln 
to 1 liter. Adjust the colorimeter tube, containing the gasoline soln, to read 50 mm; 
then raise or lower the tube containing the standard chromate soln until the shades 
of yellow in both tubes match. The reading of the chromate soln, divided by the 
reading of the gasoline soln=the gasoline color value. The color value may also be 
determined in Nessler tubes by using for comparison KjCrO* solns of various dilu- 
tions prepared from a 0.5% soln and filling the tubes in all cases to the height of 
50 mm. 

detection of rye FLOUR IN WHEAT FLOUR” 

42 Chloroform Test— Tentative 

(a) In ordinary flours. — To 10 g of flour in a test tube, add 20 cc of CHCI3, stopper 
the tube, and shake well. Allow the tube to stand in a vertical position until the 
heavier particles have settled out, preferably overnight. If rye is present, the sedi- 
ment in the tube will be of greenish or bluish tint. Wheat gives a yellowish sediment. 

Make comparisons with wheat and rye flours of known purity and with mixtures 
of varying proportions, such as 5, 10 and 15%, etc., of rye. 

(b) In phosphated flours. — Treat flours containing phosjjhate or leavening agents 
with CCI4 in a separatory funnel to remove added salts. After removing the sedi- 
ment of salts from the separatory funnel collect the flour on a filter, transfer to a 
test tube, and treat with CHCI3. 

DUSTATIC ACTIVITY OF FLOUR^^— OFFICIAL 

43 REAGENTS 

(a) Buffer soln. — Make up 3 cc of glacial acetic acid and 4.1 g of anhydrous 
sodium acetate to 1 liter with H 2 O. The pH of this soln is 4. 6-4.8. 
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(b) Alkaline ferricyanide soln. — -16.5 g of pure dry K3Fe(CN)fl and 22 g of an- 
hydrous Na2C03 in 1 liter of H2O. The K3Fe(CN)6 soln is 0,05 N. It maintains its 
strength for a long period of time if kept in a dark glass bottle away from the light. 
(The best C.P. grade of this salt purchased on the market may ordinarily be de- 
pended upon to be free from moisture and impurities.) 

(c) Sodium thiosulfate soln. — 0.05 N. 12.41 g of Na2S203-5H20 per liter. Select 
only the clear crystals from the best C.P. grade. If redistilled C02-free H2O (the 
second distillation being made after the addition of a small quantity of alkaline 
K permanganate to the first distillation, to destroy all traces of organic matter) 
is used in making up this soln, it will retain its normality for a long time, whereas 
with ordinary distilled H2O it is likely to deteriorate 'slowly on standing. Check the 
ferricyanide against the thiosulfate soln as follows: To 10 cc of the ferricyanide soln 
add 25 cc of the acetic acid reagent (d) followed' by 1 cc of 50% KI and 2 cc of 
soluble starch soln. Titrate with the Na thiosulfate soln. (It should require exactly 
10 cc of the Na thiosulfate to completely discharge the blue starch-iodine color.) 
Standardize the Na thiosulfate soln against pure I soln if necessary. 

Cd) Acetic acid soln. — 200 cc of glacial acetic acid, 70 g of KCl, and 20 g of ZnSO*. 
7H2O per liter. 

(e) Potassium iodide soln. — 50% soln of Kl. Add 1 drop of NaOH for each 100 cc 
of soln to prevent or substantially delay deterioration of the soln (with liberation 
of I) on standing, which will otherwise occur. The soln must be colorless. 

(f) Soluble starch soln. — 1 % of soluble starch in 30% NaCl soln. Prepare soluble 
starch suspension and pour slowly into boiling H2O. Add salt and make to volume. 
The soln should be transparent and colorless. 

44 PROCEDURE 

(Total maltose after diastasis for 1 hour.) 

Introduce 5 g of flour and a teaspoonful of ignited quartz sand into a 100 or 125 
cc Erlenmeyer flask, and mix by rotating the flask. Add 46 cc of buffer soln, and 
again mix by rotating the flask until all the flour is in suspension. (The flask and all 
ingredients should be individually brought to 30® before being mixed together.) 
Digest for 1 hour at 30®, preferably in an accurately controlled water thermostat, 
shaking the flask (by rotation) every 15 min. At the end of the hour add 2 cc of 
H2SO4 (3.58+0.05 A, approximately 1+9), and mix thoroly. Add 2 cc of 12% 
sodium tungstate soln, mix, and let stand a min. or two. Filter thru paper (No, 4 
Whatman or its equivalent), discarding the first 8 or 10 drops, and pipet 5 cc of the 
filtered extract into a test tube of approximately 50 cc capacity (18-20 mm diam- 
eter), Pipet exactly 10 cc of the ferricyanide soln into the 5 cc of extract in the test 
tube, and immerse the test tube in a vigorously boiling water bath; the surface of 
the liquid in the test tube should be 3-4 cm below the surface of the boiling H2O, 
(The delay between the filtering of the extract and the treatment in the boiling water 
bath should not be more than 15-20 min. Further delay may cause a slight error 
due to sucrose hydrolysis in the acid soln.) Allow the test tube to remain in the 
boiling water bath for exactly 20 min. Cool the test tube and its contents under 
running H2O, and pour at once into a 100 or 125 cc Erlenmeyer flask. Rinse out the 
test tube with 25 cc of the acetic acid soln, and add to the contents of the Erlen- 
meyer flask, with thoro mixing. Then add 1 cc of the KI soln followed by 2 cc of 
the starch soln, and mix thoroly. Titrate with 0.05 N Na thiosulfate to the com- 
plete disappearance of the blue color (a 10 cc bpret is recommended). Subtract the 
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number of cc of 0.05 N Na thiosulfate used in the titration from 10, which gives 
cc of 0.05 iV ferricyanide reduced to ferrocyunide by the reducing sugars in the 
flour extract. This value represents a definite quantity of maltose, which may be 
ascertained by consulting the table ( 45 ). When 5 cc of flour extract is used, as 
herein specified, it is necessary merely to multiply the mg of maltose by 20 to obtain 
mg of maltose per 10 g of flour in 1 hour’s diastasis. This is the value that is re- 
corded and reported as the measure of the diastatic value of the flour in question. 

The foregoing specifications may be used with all ordinary flours whose values 
for mg of maltose produced by 10 g of flour in 1 hour will seldom, if ever, exceed 
350. For material giving higher values, such as products from malted or sprouted 
grain, use smaller portions of -extract, i.e., 1, 2, or 3 cc instead of 5 cc. In such cases, 
however, add enough distilled HjO to make up the difference, and use a different 
factor for converting results into mg of maltose per 10 g of flour. Thus, when 2 cc 
of extract is used, multiply the value obtained from the table by 50 instead of 20. 
If the material in the test tubes is colorless instead of yellow, after treatment in the 
boiling water bath, and gives no blue color upon the addition of KI, it is apparent 
that there was more than enough maltose to reduce all the ferricyanide, and that 
the determination must be repeated with a smaller quantity of extract. 

45 Maltose conversion table* 


1.05 A” FERRI- 

CTAMDE 

REDUCED 

M.\LTOSE 

EQUIV.tLEN'T 

0.05 y FERRI- 

Ur.WEDE 

REDUCED 

MALTOSE 

equivalent 

O.OoA" FERRI- 
eVAMUE 

REDUCED 

MALTOSE 

EQUIVALENT 

0.05 N FEKHI- 

CYANIDE 

REDUCED 

MALTOSE 

EQUIVALENT 

CC 

mg 

CC 

mg 

cr 

mg 

CC 

mg 

0.1 

0.2 

2.6 

4.2 

5.1 

8.3 

7.6 

12.3 

0.2 

0.3 

2.7 

4.4 

5.2 

8.4 

7,7 

12.5 

0.3 

0.5 

2.8 

4.5 

5.3 

8.6 

7.8 

12.7 

0.4 

0.6 

2.9 

4.7 

5.4 

8.7 

7.9 

12.9 

0.5 

0.8 

3.0 

4.9 

5.5 

8.9 

8.0 

13.0 

0.6 

1.0 

3.1 

5.0 

5.6 

9.1 

8.1 

13.2 

0.7 

1,1 

3.2 

5.2 

5.7 

9.2 

8.2 

13.4 

0.8 

1.3 

3.3 

5,3 

5.8 

9-4 

8.3 

13.5 

0.9 

1.5 

3.4 

5.5 

5.9 

9.6 

8.4 

13.7 

1.0 

1.6 

3.5 

5.7 

6.0 

9.7 

8.5 

13.9 

1.1 

1.8 

3.6 

5,8 

6.1 

9.9 . 

8.6 

14.0 

1,2 

1.9 

3.7 

6.0 

6.2 

10.0 

8.7 

14.2 

1.3 

2.1 

3.8 

6.2 

6.3 

10.2 

8.8 

14.4 

1.4 

2.3 

3.9 

6.3 

6.4 

10.4 

8.9 

14.6 

1.5 

2.4 

4.0 

6.5 

6.5 

10.5 

9.0 

14.8 

1.6 

2,6 

4.1 

6.6 

6.6 

10.7 

9.1 

15.0 

1.7 

2.8 

4.2 

6.8 

6.7 

10.9 

9.2 

15.2 

1.8 

2.9 

4.3 

7.0 

6.H 

11.0 

9.3 

15.4 

1.9 

3.1 

4.4 

7.1 

6.9 

11.2 

9.4 

15.6 

2,0 

3.2 

4.0 

7.3 

7.0 

11.3 

9.5 

15.9 

2.1 

3.4 

4.6 

7.5 

7.1 

11.5 

9.6 

16. 1 

2.2 

3.6 

4.7 

7.6 

7.2 

11.7 

9.7 

16.5 

2.3 

3.7 

4.8 

7.8 

7.3 

11.8 

9.8 

17,0 

2.4 

3.9 

4.9 

7,9 

7.4 

12.0 

9.9 

- - 

2.5 

4. 1 

5.0 

8.1 

7.5 

12.2 

10.0 



* Prepared by applying the 8pecifi(yi procc^lurc to standard solna of pure maltose and using all reagents in the <|uantili»« 
and volumes precisely as used for flour extracts. 

46 ULAVK DF.TEU MI NATION 

A blank determination, designed to indicate the quantity of reducing sugar origi- 
nally present in the flour— the value for which presumably should be deducted from 
the total maltose value after 1 hour’s diastasis has been generally regarded as an 
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essential step in the estimation of flour diastatic activity. This operation, however, 
is ordinarily unnecessary when dealing with flour milled from sound wheat, because 
the quantity of reducing sugars originally present as such is so small and so nearly 
constant that it may be disregarded for all practical purposes. The blank deter- 
mination may therefore be conveniently omitted in ordinary routine testing. It 
need be used only when there is occasion to doubt the soundness of the wheat, or 
in cases where there is known to have been an appreciable quantity of frosted, 
sprouted, heat-damaged, or otherwise unsound kernels in the wheat from which 
the flour was milled. 

To make the blank determination, proceed as follows: Add to 5 g of flour and a 
teaspoonful of quartz sand in a 100 or 125 cc Erlenmeyer flask 48 cc of 0.4% (by 
volume) H2SO4 (preferably pre-cooled to ice-water temp.). Shake the mixture 
thoroly again, allow to stand 2 min. and filter thru a No. 4 Whatman (or its equiva- 
lent) paper. Using 5 cc of the clear filtrate, proceed according to 44. 

VISCOSITY OF ACIDULATED FLOUR^^ 

47 APPARATUS 

MacMichael viscosimeter . — Standardize with a 60% sucrose soln at different 
temps., using a No. 30 wire disk bob, speed 12 r.p.m. Before making any deter- 
minations check for zero point, correctly level the machine, check speed, and see 
that torsion wire is adjusted flush with chuck in end of spindle. 

48 PREPARATION OF FLOUR SUSPENSION 

Use a constant weight of protein. Place 50 cc of distilled H2O in a mortar (50 cc 
automatic pipet is convenient for measuring the H2O required), add flour, and work 
into a smooth paste (about 2.5 min.). Use as little pressure on pestle as possible to 
avoid the formation of foam and development of gluten. Pour the flour paste into 
the viscosimeter cup and rinse out mortar with a second 50 cc of distilled H2O. 
Pour the rinsings into the cup, add 2 drops of caprylic alcohol, stir a few times with 
a disk bob, place the cup on the machine, and stir a few times. The sample is now 
ready for the first viscosity reading. Digest for 60 min. 

49 DETERMINATION 

Correctly hang the bob in the freshly agitated suspension and take the reading. 
Dampen the swings by placing a finger on the indicator pointer and then gently 
touching the swinging dial. 

Make the second and subsequent readings after adding 1, 2, 2, and 2 cc of normal 
lactic acid, respectively, a total of 7 cc. Obtain the second reading as follows: After 
stopping the motor, detach the bob with the right hand and use for agitating the 
suspension, using an up and down, backward and forward, circular motion. With 
the left hand add 1 cc of acid (use a 1 cc pipet). Stir with the bob 25 times after 
commencing flow of the acid (11 seconds). Resuspend the bob and take reading. 
Obtain the remaining readings as directed above except to add 2 cc of acid each 
time from a 2 cc pipet. 

BAKED CEREAL PRODUCTS 
BREAD 

50 PREPARATION OF SAMPLE^s^— TENTATIVE 

(To be used when total solids of original entire loaf is not desired.) 

Cut the loaf, or | the loaf, of bread into slices 2-3 mm thick. Spread the slices 
on paper and allow them to dry in a warm room until sufficiently crisp and brittle 
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to grind well in a mill. Grind the entire sample to pass a 20-mesh sieve, mix well, 
and keep in an air-tight container. 


51 TOTAL SOLIDS IN AN ENTIRE LOAF OF BREAD ^^OFFICIAL 

Accurately weigh the loaf of bread immediately upon receipt (A), using scales 
sensitive to at least 0.2 g. (When determining whether bread is in conformity with 
the Department of Agriculture standards do not weigh the loaf sooner than 1 hour 
after removal from the oven.) Should accurate weighing be impossible at this time, 
seal the sample in an air-tight container and accurately weigh as soon thereafter as 
is practicable (A). Preserve the sample in such a manner that no loss of bread solids 
can occur, whereby the loss would be calculated as moisture. Cut the bread into 
slices 2-3 mm thick of the loaf may be used). Spread the slices on paper; allow 
them to dry in a warm room (approximately 15-20 hours); and when apparently 
dry, break into fragments. If the bread is not entirely crisp and brittle, allow it to 
dry longer — until it is in equilibrium with the moisture of the air — in order that no 
moisture changes may occur during grinding. Quantitatively transfer the air-dried 
bread to the scale pan and accurately weigh {B), Grind the sample just to pass a 
20-mesh sieve, mix well, and keep in an air-tight container. Determine the per- 
centage of total solids (C) of the ground sample as directed under 3 or 5. Calculate 
total solids of the bread from the formula: 


r.s. = 


BXC 

or — — , in which 


A 


A 


A = weight of loaf (or | loaf) at time of receipt 

B = weight of the air-dried sliced bread; and 

C = percentage of total solids in the prepared ground sample. 


TOTAL SOLIDS OF AIR-DRIED GROUND SAMPLE^^ 

52 Method I — Official 

Use 2 g of the prepared sample, 51, and proceed as directe{l under 3. 

53 Method II — Offiicinl 
Proceed as directed under 4. 

MILK SOLIDS IN BREADS 

54 Fat Method 

Slice one loaf of bread, place in a wire rack, and allow to dry overnight, or until il 

is sufficiently dry to grind. Grind the bread to approximately the size of the 

openings in a 20-mesh sieve, mix, sample and transfer 50 g to a 000 cc beaker. Add 
100 cc of H 2 O and mix. Add 100 cc of HCl, mix, cover, and place on the steam bath 
for one hoar, stirring well 6 or 7 times. Cool in a cold (15° or less) water bath, add 
50 cc of ice cold and stir. .Ldd 10 g of filter cel, stir, and mix in completely. 
Prepare a LO mm Buchner funnel as follows: 

Place two No. 590 S & 8 9 cm filter papers in the funnel and ai)i)ly auction. Mix 
10 g of filtered with 50 cc of HA) and rapidly pour mixture into funnel. This should 
make a smooth even layer of the filter cel over the whole filter paper, with no crack 
or opening. Filter the sample immediately. Rinse out the beaker several times with 
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ice cold H2O. Just before the filtration is complete, wash down the sides of the 
Buchner with about 100 cc of ice cold H2O. Up to this point do not allow the pad 
to suck dry. Continue with the suction until the filter cel pad seems dry. Transfer 
this mass, without filter paper, from the Biichner to the original beaker. Rinse off 
the filter paper and funnel with petroleum ether and add the ether to the beaker 
containing the dry mass. Break up the mass with a rod, and dry on the steam bath 
to remove the water. Heat in the oven at 100° only until dry (about 1 hour). Add 25 
g of anhydrous sodium sulfate and break up any lumps. Prepare a large Knorr ex- 
traction tube of about 200 cc capacity (glass tubing 5 cm in diameter with a height of 
12 cm from shoulder to the, top of the tube). Pack the tube with asbestos tamped 
tightly to form a pad about | in. thick. Insert the stem of the tube into a two-holed 
rubber stopper in a filtering bell jar connected to a suction thru a two-way stopcock. 
Place a 500 cc Erlenmeyer flask within the bell jar so that the stem of the tube 
passes thru the neck of the flask. To the cool beaker and contents add 150 cc of 
mixed ethyl and petroleum ethers, equal parts of each, and macerate against the 
sides of the beaker with a medium sized stiff metal spatula for 3 or 4 min. Decant 
onto the extraction tube. Add to the beaker 80 cc of the mixed ether. Work as before 
for 2 min., likewise decant. Transfer the contents of the beaker to the extraction 
tube, suck dry, and tamp with a flattened stirring rod until all ether is removed. 
To the material in the tube add 100 cc of the mixed ethers that have just previously 
been used to rinse out the beaker, mix tlioroly with a stirring rod a few minutes, 
allow to stand a minute, then suck dry, and tamp the material as before. Likewise 
make two additional extractions, turning suction on and off carefully to avoid loss 
of sample in the Erlenmeyer flask. Hang a thread in the flask from the top so that 
it touches the bottom. (Time may be saved by transferring to a tail-form 1 liter 
beaker.) Evaporate on the steam bath, completely transfer the fat with small 
amounts of petroleum ether to a tared 150 ec beaker, carefully evaporate the ether 
on the steam bath, dry at 100° to constant weight (about 30 min.), cool, and weigh. 
Figure the percentage of total fat on moisture-free basis. 

Weigh duplicate samples of 1 g (within +.03 g) of fat into a 300 cc Florence 
flask, add 1 cc of XaOH (1 + 1), stopper, and place on the steam bath 1 hour. Cool, 
add a few pieces of pumice stone previously ignited, 138 cc of distilled H2O, and 
3 cc of H2SO4 (1+1), and proceed as directed in XXXI, 27, using the same ap- 
paratus. Use 0.02 N NaOH for titration and report number of cc per 1 g of fat. 
Multiply the cc of 0.02 N NaOH used by 1.1 and divide by the weight of fat taken 
to obtain the “fat nuinber.’’ Calculate butter fat and milk solids from the “fat 
number'’ and total fat as follows: 

A = % total iat on moisture-free basis, 

H =“fat number” as determined by titration, 

(;= % butter fat in bread on moisture-free basis, 

31 .5=“fat number” on butter fat, 

1 .0 =:“fat number” on fat from water bread, 

7.7% = milk solids on moisture-free basis in milk bread 
2.3%= milk fat on moisture-free basis in milk bread, 

J) = % milk solids in bread on moisture-free basis 

A(ii-l.O) 7.7 XA(i^-1.0) 

31.5 2.3X31.5 


Then 
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55 Citric Acid Method 

To a weight of air-dried bread equivalent to 77.7 g of moisture-free bread in a 
500 cc volumetric flask, add 400 cc of a mixture containing 25 cc N H 2 SO 4 , 20 cc 
of a 20% phosphotungstic acid solii, 55 cc of H 2 O, and sufficient 95% alcohol to 
make 500 cc. Shake for 5 min., make to mark, and allow to stand overnight. Re- 
adjust to mark with 95% alcohol, shake 5 min., and filter with suction on paper in 
a 12 cm Buchner funnel. Transfer 325 cc of the filtrate to a centrifuge bottle, add 
30 cc of Pb acetate soln (75 g of the salt plus 1 cc of glacial acetic acid diluted to 
250 cc with H 2 O), shake 5 min., and centrifuge at about 900 r.p.m. for 15 min. 
Decant the supernatant liquid (disregard turbidity)* allow to drain, transfer the 
residue with about 150 cc of HjO to a 250 cc volumetric flask, and thoroly saturate 
with hydrogen sulfide. Make to mark with H 2 O, shake thoroly, and filter thru a 
large folded filter. Evaporate 200 cc of the clear filtrate in a 500 cc Erlenmeyer flask 
over a free flame to about 75 cc. Cool to 45-50“^; add 10 cc of H 2 SO 4 (1+1), 5 cc 
of KBr soln (15 g in 40 cc of H 2 O), and 15 cc of permanganate soln (5 g of KMn 04 
diluted to 100 cc). After about 2 min., stopper the Erlenmeyer, shake vigorously, 
and allow to stand 3 min. longer. Add 20 cc of ferrous sulfate soln (40 g of the salt 
plus 1 cc of H 2 SO 4 diluted to 100 cc with ll 20 ), cool to about 15°, and shake vigorously 
until the pentabromacetone has crystallized (lace-like deposit on the walls of the 
flask). Place in a refrigerator at about 15° overnight. Avoid a temp, of less than 
15° since at lower temp, there is a tendency for the pentabromacetone to freeze 
on the sides of the flask. Filter, and dry the pentabromacetone as directed under 
XXVI, 31. If the drying is done by aspiration, 20 min. should be sufficient time. 
It is also advisable to cool the air current by placing the vessel containing the 
H 2 SO 4 into ice cold H 2 O. Weight of pentabromacetone in g —0.004 g X75 = per cent 
whole milk solids in moisture-free bread. 

56 ASH— OFFICIAL^^ 

Use 3 5 g of the prepared sample, 50, and proceed as directed under 5. 

57 CHLORIDES IN ASH— OFFICUL, FIRST ACTION 
Proceed as directed under 72. 

58 PROTEIN— OFFICIAL 
(Organic and Ammoniacal Nitrogen.) 

Determine N as directed under II, 21, 23, or 25, using 2 g of the prepared air-dried 
ground sample, 50. Multiply the percentage of N by the factor 5.7 to obtain the 
percentage of protein. 

59 FAT (ACID HYDROLYSIS METHOD)— OFFICUL 
Proceed as directed under 11, 

60 CRUDE FIBER— OFFICIAL 

(For bread and other baked products not containing fruit.) 

Proceed as directed under XXVII, 27. 

EXPERIMENTAL BAKING TEST’-^TENTATIVE 

61 EQUIPMENT 
(1) Mixer. — Hobart-Swanson. 
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(2) Fermentation bowls . — Graniteware “oatmeal bowls. Top diameter 14.5 cm, 
bottom diameter 5 cm, and depth 6.5 cm. 

(3) Fermentation cabinet , — Should have accurate temp, control (±0.5'’) and 
maintain a relative humidity of at least 75%.^* 

(4) Baking pans . — Tall or low form, made of tin, with the following inside 


dimensions: 









LOW FORM TINS 


tall form tins 



cm 

cm 


cm 

cm 

Length 

top 

11.5 

bottom 9.5 

top 

10.5 

bottom 9.3 

Width 

top 

7.0 

bottom 5.5 

top 

6.0 

bottom 5.3 

Depth 

6.0 


fends 

6.8 





[sides 

8.6 



Note: Investigation has shown that the low form tins give significantly higher 
volumes, lower variability between replicates, and more uniform crumb grain and 
texture than do the tall form tins; they also correspond more closely to commercial 
pans. The low form tins are especially recommended for research work. In reporting 
results of baking tests the type of pan used should be specified. 


(5) Baking oven . — Should maintain a temp, of 230^C (±5'') and preferably be 
equipped with a rotating shelf. 

(6) Thermometers . — 

(a) Fermentation cabinet and dough testing. — A.A.C.C. official thermometer 
graduated from 15^ to 40'’C or equivalent Fahrenheit range.^® 

(b) Oven. — A.A.C.C. official thermometer graduated from 100'’ to 260°C or 
equivalent Fahrenheit range. 

(7) Volume measuring apparatus .'^ — Should be accurately calibrated, A set of 
aluminum loaf models is convenient. It is suggested that four standards of approxi- 
mately 300, 400, 500, and 600 cc be used. Plot these against the loaf volume readings 
of the measuring device to obtain the calibration curve of the apparatus. 

62 PRE?,ATlATION OF YEAST SUSPENSION AND SALT-SUGAR SOLUTION^^ 

As the absorption of flours exceeds 50% it is convenient to prepare a stock soln 
of sugar and salt and a yeast suspension of such a strength that 25 cc of each con- 
tains the required quantities of these ingredients per loaf. The volume displacement 
of 3 g of fresh compressed yeast is 2.5 cc and that of 1 g of salt and 2,5 g of sugaj 
when dissolved together to make a total volume of 25 cc is 1.86 cc. The quantities 
of yeast, salt and sugar, and HgO required to prepare solns for varying numbers 
of loaves are shown below' : 


Table for prepanng yeast suspension and sali-s^igar solution required for specified 
7iujnhers of loaves 7ising 2o cc each per loaf 


NUMBER OP _ 

YEAST SUSPENSIO.V 

LOAVES 

YEAST 

WATER 


gram 

CC 

5 

15 

112.5 

10 

30 

226.0 

15 

45 

337.5 

20 

60 

450.0 

25 

75 

562.5 

30 

90 

675.0 


salt-sugar solution 


SUGAR 

SALT 

WATER 

^ratn 

gram 

CC 

12.5 

5.0 

115.7 

25.0 

10.0 

231.4 

37.5 

15.0 

347.1 

50.0 

20.0 

462.8 

62.5 

25.0 

578.5 

75.0 

30.0 

694.2 
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Notes: 1. Water added per loaf in form of stock solus: 


cc 

(a) 25 cc of yeast suspension contains 22.5 

(b) 25 cc of salt-sugar, soln contains 23.1 

Allowance in computing absorption 45.6 


2. Agitate the yeast suspension before and during the removal of an aliquot. 

3. Keep the solii at a temp, such that when mixed with the flour and any extra 
H-jO required, the doughs will come from the mixer at 30® ( ±0,5®). 

63 BASIC FORMULA 

Flour. — 100.0 g ( ±0.1 g) on 15% moisture basis (85.0 g dry matter). Determine 
moisture by 130® air oven or vacuum oven method (2 and 4). 

Yeast. — 3.0 g (3%) fresh compressed yeast. 

Salt. — 1.0 g (1%) 99.5% pure. 

Sugar {sucrose}. — 2.5 g (2.5%). 

Water. — Sufficient to yield dough of standard consistency (not too “light’’ or 
too ^‘slack”). 

64 STANDARD PROCEDURE 

( 1 ) Mixing: 

(a) Place the flour in the bowl of the mixer, add 25 cc each of the yeast suspension 
and salt-sugar solu plus sufficient additional H 2 O to bring the dough to the desired 
consistency. If this is not accomplished before the dough has formed, discard the 
mix and repeat the test. Mix for 1 min. The doughs should come from the mixer at 
a temp, of 30® ( ±0.5®}. If 100 g of flour yields too small a dough for thoro mixing, 
use a larger quantity and scale the dough to proper weight after mixing. 

(b) Alternative procedures: 

If an official mixer is not availalfle, use any method of mixing that will thoroly 
incorporate the ingredients and produce a smooth dough with a minimum develop- 
ment of gluten. X Hobart mixer equipped with 2 dough arms or a cake paddle may 
be substituted. Even hand mixing may be resorted to when a machine mixer is 
not available,*^ 

(2) Calculation of absorption. — % absorption (15% moisture basis) =45.6H-W — 
(100 ~F), where W = cc of distilled H 2 O added and F = the weight of flour. 

(3) Fermentation: 

Minutes 


First punch after 105 

Second punch after additional 50 

Mold after additional 25 

Total 180 


Remove the dough from the mixing bowl, fold 20 times in the hands, put in the 
fermentation bowl, and place in the fermentation cabinet. After 105 min. remove the 
dough from the bowl and fold 15 times in the hands; round up and return dough to 
bowl and cabinet. Give second punch after an additional 50 minutes’ fermentation, 
folding the dough 10 times and rounding up as before. After further fermentation 
of 25 min., mold the dough and pan as directed. 

(4) Molding and panning . — Place the dough on a piece of cotton or canvas belt- 
ing. Press with the heel of the hand until the dough is uniformly flat and circular 
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(1). Loosen the dough from the belting and turn on reverse side. Fold over two 
opposite sides so that they overlap to a considerable degree (2), Turn the dough 
over and again flatten with heel of hand. Holding one end, again loosen from mold- 
ing surface and turn on reverse side with the seam of the dough running from the 
operator. Starting at the more remote end, roll toward the operator, folding as 
tightly as possible (3). Seal the seam tightly and with the seam on the bottom, seal 
the ends by punching them vertically. Roll the dough lightly under the palm of the 
hand, adjusting it to the length of the pan and place in pan with the seam down. 
(The length of the dough should not exceed that of the pan prior to the final light 



FIG. 21,—PREP.\RING THE DOUGH FOR PANNING 


rolling.) Use no dusting Jiour in the 7nolding process. Grease the pans very lightly 
and only when al)Solutcly necessary to prevent the loaves from sticking to the 
sides of the pans. 

(5) Proofing. — Proof 55 min. under the same conditions used for fermentation. 

(6) Baking. — Bake 25 min. at a temp, of 250° ( ± 5°) with the thermometer placed 
at the level of the top of the baking pans at a distance of 5 cm on the side next the 
axis of rotation. (Precise control of temp, is essential.) Place an open pan of H^O 
in the baking oven. 

(7) Measurement. — Weigh the loaf and measure its volume 30 min. after removal 
from the oven. Place the loaves in a fairly air-tight cabinet until the following 
morning. 

(8) Scoring. Hcuie the loaves the day following baking for the external charac- 
teristics, crust color and symmetry, and for the internal characteristics, crumb 
color, grain, and texture.^=* 
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Notes: 1. The basic formula and standard baking procedure outlined are designed 
primarily for hard wheat flours to serve as a point of reference and a basis for any 
supplementary tests that may be considered appropriate. Any additional testing 
procedure designed to reveal particular characteristics of flours may be used but 
only one variable at a time should be introduced. Such tests as mechanical modifica- 
tion by varying the mixing time, the addition of diastatic supplements, oxidizing 
agents as potassium bromate, and the use of varying periods of fermentation have 
been found particularly valuable. 

2. Fresh baker’s yeast from the same source should be used in each investigation, 
and the supply should be stored in the ice box in containers to prevent evaporation 
of moisture. The outside portions of the yeast cake should be removed before being 
used. Studies on the effect of aging yeast on loaf volume are somewhat contradic- 
tory and it is advisable to secure a fresh supply every 2 davs.^^ 

3. It is advisable to prepare five "dummy” doughs at the beginning and end of 
each regular day’s baking in order to provide more uniform oven conditions at 
the beginning and end of the series. 

65 SUPPLEMENTARY TESTS 

(1) Fermentation. — Basic procedure varying fermentation time only. 

(2) Addition of KBrO^. — Basic procedure with addition of KBrOs in increments 
of 1 mg per loaf. 

(3) Sugar variation. — Baking with increments of 2.5 g recommended for varying 
amounts of sugar in formula. 

(4) yfechanical modification. — Variation of mixing time. 

BAKED PRODUCTS OTHER THAN BREAD^ 

66 SOLIDS 
Proceed as directed under 50 and 51. 

67 CRUDE FIBERS! 

Proceed as directed in XXVII, 27. 

MACARONI PRODUCTS 

68 COLLECTION AND PREPARATION OF SAMPLE ^s—TENTATIVE 

Select from the lot to be analyzed sufficient strips or pieces to assure a repre- 
sentative sample. Break these into small fragments with the hands or in a mill and 
mix well. Grind .300 500 g in a mill until all the material just passes lliru a 20-mcsh 
sieve. Keep the ground sample in a sealed container to prevent moisture changes. 

TOTAL SOLIDS AND MOISTURE 

69 V 'acuum Oven Method^' - Official, Fir.it Action 
Determine the total solids in the prepared sam])le as directed under 3. 


70 Air Oven \ff ihod Ojficial 

Proceed as directed under 4, using a sample preparetl as directed under 68, 

71 ASH— OFFICIAL 

Proceed as directed under 5, using 3 5 g of the prepared sample, 68. 

72 CHLORIDES IN ASH AS SODIUM CHLORIDE OFFICIAL 

Dissolve the ash obtained under 71 in IINOj (l-f-9), filter, wash the filter paper 
with hot HjO, and determine Cl in the combined filtrate and washings as directed 
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under XII, 35 or 37. Calculate the Cl to its equivalent of NaCl. (This NaCl value 
deducted from the total ash does not give NaCl-free ash.) 

^3 FAT (ACID HYDROLYSIS METHOD)^?— OFFICIAL 

Place 2 g of the sample in a Rohrig or Mojonnier fat extraction tube, add 2 cc of 
95% (by volume) alcohol, to prevent lumping on addition of the acid, and shake 
so as to moisten all particles. Add 10 cc of HCl (25 + 11), mix well, set the tube in 
a water bath held at 70-80'", and shake at frequent intervals for 30-40 min. Fill to 
within 1-2 cc of the mark with 95% alcohol and cool. Add 25 cc of ethyl ether and 
shake the mixture well. Then add 25 cc of redistilled petroleum ether (b. p. below 
60“") and mix well. Let stand until the upper liquid is practically clear and proceed 
as directed under 11, beginning “Draw off as much as possible.” 

74 CRUDE FIBER— OFFICIAL 
Proceed as directed under XXVIT, 27. 

75 PROTEIN»8— OFFICIAL 

Determine the N as directed under II, 21, 23, or 25, using 1 g of the prepared 
sample, 68. Multiply the percentage of N by the factor 5.7 to obtain the percentage 
of protein. 

76 WATER-SOLUBLE PROTEIN-NITROGEN PRECIPITABLE BY 40 PER CENT ALCOHOL- 

OFFICIAL, FIRST ACTION 

Proceed as directed under 26, 

77 LIPOID AND LIPOID PHOSPHORIC ACID (P,0,)— OFFICUL, FIRST ACTION 
Proceed as directed under 27 and 28. 

UNSAPONIFIABLE RESIDUE— TENTATIVE 

78 Modified Kerr-Sorber Method 
Proceed as directed under 29. 

79 EXTRACTION, SEPARATION, AND IDENTIFICATION OF COLORING MATTER IN 

MACARONI, EGG NOODLES, AND SIMILAR PRODUCTS**— OFFICIAL, 

FIRST ACTION 

Place approximately 500 g of the coarsely ground sample (depending upon the 
quantity of color present) in a liter Erlenmeyer flask, add about 700 cc of 80% 
alcohol, and shake at intervals for 24 hours or until the color is imparted to the 
solvent. Place the flask wdth contents in the refrigerator overnight to permit dis- 
solved protein matter to precipitate out. Filter, and evaporate the filtrate to 100 cc. 
Add to the filtrate about 1 volume of 25% salt soln and a slight excess of ammonia; 
cool, and transfer to a separatory funnel. Extract this mixture with an equal volume 
of ligroin or petroleum ether; separate the lower layer and repeat extractions with 
additional portions of the solvent, until no more color is extracted. Reserve the 
lower layer, if colored, for further treatment; if colorless, discard. Combine the 
petroleum ether extracts and wash with several small portions of ammonia water 
(1+50) to remove any material mechanically adhering to the solvent. This ethereal 
soln will contain the fats, and also may contain the oil-soluble coal tar dyes, which 
may be identified by the procedure under (1). If colored, immediately acidify the 
alkaline aqueous soln freed from fat and oil-soluble coal tar dyes with acetic acid 
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and extract in 2o cc portions with two 50 cc volumes of ether. The solvent, if 
colored, may contain turmeric, annatto, and a trace of saffron. For their identifica- 
tion use procedure (2). If the original aqueous soln freed from ether-soluble coldrs 
should still be colored, water-soluble dyes may be suspected, in which case the fol- 
lowing procedure is recommended: Extract the aqueous soln with 50 cc portions of 
amyl alcohol to remove the balance of the saffron, as wxll as the common orange 
dyes (S & J numbers 85, 86, 13) and martius yellow. For their separation proceed as 
directed under XXI. Draw off the lower aqueous layer, which, if colored, may con- 
tain naphthol yellow S, tartrazine and sunset yellow. Extract these dyes with 
amyl alcohol after acidifying the soln with HCl to make approximately I N. Re- 
move tartrazine from the solvent with 0.25 .V HCl. Sunset yellow will also be 
removed at this stage with a slightly lower acid concentration, and naphthol yellow 
S from a nearly neutral soln. Confirm wnth wet and spot reactions. The extracted 
solas are usually very dilute, therefore it is advisable to concentrate by evaporation 
over a steam bath, and if not clear, to add about 5 cc of 25% salt soln to break up 
slight emulsions by precipitating the protein matter, filter, and test the filtrate by 
dyeing and coupling. This coupling test is carried out as follows: Treat about 
10 cc of the filtered soln with excess of bromine, destroy the excess with a satu- 
rated soln of hydrazine sulfate, and immediately pour into a sodium carbonate 
soln of alpha naphthol. In the presence of tartrazine or sunset yellow a pink color 
will be produced. It is advisable to run a blank determination on the above test for 
comparison. 

(1) Extract the original petroleum ether extract with two or three 10 cc portions 
of a mixture consisting of 1 part of HCl and 5 parts of acetic acid. 

In the presence of S J numbers 7 or 16, yellow OB or yellow AB, a pink or 
red color is obtained. Test a small portion of this acid extract with a few drops of 
SnClz, which in the presence of the above dyes will cause cither decolorization or 
a decided fading. Dilute the balance of the acid extract with H2O, make slightly 
alkaline, and extract the color with petroleum ether. Wash the solvent with 2-5 cc 
portions of H2O to remove excess of alkali. Test an approximately 5 cc portion of the 
petroleum ether extract with formaldehyde and acetic anhydride as directed under 
XXI, 9(a). Evaporate another 0 cc portion of the petroleum ether extract to dryness 
in a small evaporating dish and observe spot tests with HCl and H2.SO4. Evaporate 
to dryness the balance of the petroleum ether extract in a small casserole and dis- 
solve the residue in dilute alcohol. Dye some silk strands, preferably using a slightly 
alkaline soln. Compare the spot tests obtained with Table 10, XXXL If they do not 
agree with the tables, a mixture of dyes may be present, which will necessitate a 
separation according to the pH concentration. 

The remaining coloring matters in the ligroin extract may be due to the natural 
coloring matter of w'heat, or to the coloring matter of egg. The coloring principle of 
egg yolk, lutein, when heated with alcoholic ferric chloride, will produce a green 
coloration. However, this test is not specific for lutein, as carotin and xanthophyll 
give similar reactions. 

(2) Wash the ether extract with 5 cc portions of IIjO to remove excess of acid. 
To remove annatto and the traces of saffron, wash successively with 20 cc portions 
of 5% NaHCOaSoln. Divide this alkaline soln into two portions. Heat one portion 
to 60'’ on the steam bath and dye the color on unmordanted cotton, and compare 
spot Jests with a standard. Acidify the remaining portion of the alkaline annatto 
soln with acetic acid and re-extract with ether. Divide the ethereal extract into 
two small casseroles and evaporate to dryness. Dissolve the contents of one casserole 
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in 10 cc of ammonia water (1-1-9) and impregnate it on a atrip of cotton or filter 
paper. An orange yellow to an orange red coloration ia obtained depending upon 
the amount of dye present. Dry the filter paper or cotton, add a drop of 40% 
SnCla, and again dry. In the presence of annatto a purple stain is produced. Spot the 
contents of the other casserole with H2SO4 and HNO3, when a blue and a greenish 
blue color are obtained. Transfer two portions (of about 10 ce each) of the original 
ether extract from which annatto has been removed, into test tubes and treat 
with an equal volume of 10% NaOH and an equal volume of HCI (1-|-1), respec- 
tively. In presence of turmeric (curcuma) the alkaline soln will be reddish brown, 
while the acid soln will be red. Turmeric can further be confirmed by its behavior 
with boric acid. Apply this test as follows: Shake a portion of the original ether 
extract with an equal volume of 70% alcohol and to this add 1/10 volume of 
HCI, mix, and divide the soln equally into two test tubes. To one tube add a few 
crystals of boric acid and shake. Use the other tube as a control. In the presence of 
turmeric, a red color will be produced after a short time. 

(3) To separate and identify saffron and the orange coal tar dyes, dilute the 
amyl alcohol extract with two volumes of petroleum ether and extract the mixed 
dyes with several 10 cc portions of H2O. To a small portion of this aqueous ex- 
tract add 1/10 volume of glacial acetic acid and add a few mg of dry sodium hypo- 
sulfite to reduce all the azo dyes. This treatment will not affect the saffron, which 
can then be re-extracted by amyl alcohol. After washing the solvent repeatedly 
with small portions of H2O (to remove decomposition products) evaporate to dry- 
ness, and confirm the presence of saffron by spot tests. The remainder of the color 
soln after addition of salt and acetic acid is re-extracted with amyl alcohol and later 
fractionated from the solvent for S& J numbers 85, 86, 13, by 5% Na2C03 soln. 
Martins yellow if present will still remain in the amyl alcohol and petroleum ether 
after the removal of the saffron and oranges. In order to prove its presence, evapo- 
rate the solvent to dryness and dissolve the residue with 10 cc ammonia (1-1-9). 
Divide into two test tubes. .\dd carefully to one a few crystals of sodium hyposulfite. 
The presence of martins yellow will manifest itself by the formation of a pink soln. 
To check its presence use the other subdivision for dyeing, spotting, etc. 
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XXL COLORING MATTERS IN FOODS— TENTATIVE 

(The numbers in parentheses and brackets following the name of a dye represent 
in the first instance the number of that dye as listed in “A Systematic Survey of the 
Organic Colouring Matters,” founded on the German of Drs. G. Schultz and P. 
Julius, 1904, by Arthur G. Green, while the second number designates the number 
as listed in the Society of Dyers and Colourists^ “Colour Index,” first edition 
January, 1924.) 

1 PIGMENTS AND LAKES 

Separate the insoluble pigments, ultramarine, lampblack, etc., which are most 
commonly used as facings, by washing the sample with H 2 O and allowing the wash- 
ings to settle. Identify the particles of coloring matter by microscopical examination 
and treat the residue or purified coloring matter with chemical reagents. 

The pigments occasionally encountered are charcoal or other form of carbon, 
ultramarine blue (principally aluminum, sulfur), prussian blue (principally iron), 
talcum (principally silica). Charcoal is indifferent towards the usual chemical re- 
agents and can be burned. Ultramarine blue is stable towards alkalies, but is de- 
composed by dilute HCl with the evolution of H 2 S. Prussian blue is unaffected by 
dilute HCl, but is decomposed by alkalies. Talcum can be confirmed by the purple 
coloration obtained by fusing with cobalt nitrate (test for aluminum). 

Lakes are products formed by combining organic coloring matters with metallic 
salts. They can be prepared from animal or vegetable coloring matters or from 
coal tar dyes. As a rule they are insoluble in H 2 O, but are readily decomposed by 
acids with the liberation of the coloring matter. 

A large proportion of the common pigments other than lakes, such as the yellow, 
brown and red ochres and umbers, are derivatives of the heavy metals and contain 
Fe, Mn, etc. Others, such as the green and blue compounds, including certain green 
chlorophyll derivatives, may contain Cu. These pigments may be identified by the 
usual tests for the respective metals. The analytical properties of the insoluble color- 
ing matters are described in various standard works, some of which are listed under 
the selected references, especially Farbstofftabellen by Schultz^ and Colour Index. 

SOLUBLE COLORING MATTERS AND THEIR LAKES 
SEPARATION BY WOOL DYEING PROCEDURE^ 

2 Water-Soluble Coal Tar Dyes 

(a) Wines, fruit juices, distilled liquors, flavoring extracts, vinegars, beers, sirups, 
non-alcoholic beverages, and similar products . — Dilute 20-200 cc of the sample with 
1-3 volumes of HjO, neutralize with NH4OH (1 +9) if necessary, and boil or heat on 
a steam bath with a small piece of white woolen cloth (nun’s veiling). If the mixture 
contains much alcohol, heat until most of it has been removed; in other cases take 
out the wool after 5-15 min. and rinse with H 2 O. Then treat the liquid with 3 or 
4 drops of IICl for each 100 cc of soln and warm again for 10-20 min. with a clean 
piece of wool. If the wool takes up much coloring matter in either case, the presence 
of coal tar dyes is indicated. 

The basic colors dye the fiber best from neutral or faintly ammoniacal solns and, 
if present, they will appear on the first piece of wool. Acid colors dye from neutral 
solns, but more readily from those containing free acid- The lichen colors® (archil, 
cudbear, litmus) go readily on wool, however, and many other natural colors, such 
as turmeric, will dye the fiber if present in large amount. On the other hand, a few 


233 



XXI 


MilTHODS OF ANALYSIS 


coal tar dyes, especially auramine 0 and naphthol green B, are quite unstable, and 
if present in small quantities may give no distinct dyeing. Acid dyes are much more 
frequently used than basic dyes, and in most cases they may be removed from wool 
without much decomposition by “stripping” the latter with NlliOII (1 + 9).* Many 
natural colors are destroyed by the action of the alkali, while others remain for the 
most part on the fiber. 

If the behavior with wool in neutral and acid solns indicates the presence of acid 
dyes, rinse the colored cloth thoroly with H^O, cover with NHjOH (1+9) in a 
casserole, and boil for a few min. Remove the cloth and squeeze out the adhering 
liquid. Boil the ammoniacal soln to remove the excess of NHj, drop in a piece of 
clean wet wool, make distinctly but not strongly acid with HCl (1+9), and boil 
again. If acid coal tar dyes are present, they will usually give a fairly clean, bright 
d 3 'eing on the second piece of wool. A further purification may be carried out by 
repeating the stripping and redyeing, tho this procedure is generall}' accompanied 
bv a corresponding loss of dye. 

(b) Candies and similar colored sugar products. — Dissolve about 20 g of the sample 
in 100 cc of HiO and treat the soln as directed under (a). When the coloring matter 
is on the surface of the candy, pour off the soln before the colorless inner portion 
has dissolved. 

(c) Jams aiid jellies, — Boil a mixture of 10-20 g of the sample and 100 cc of HjO 
with wool in neutral and also in acid soln as directed under (a). For thick jams it 
isusualK' better, tho less easy, first to extract the coloring substances by treating the 
product as directed under (d). 

(d) Canned a7id preserved fruits and vegetables, sausage casifigs, smoked f(sh, coffee, 
spices, etc. — Macerate 20-200 g of the sample with 4 5 times its weight of alcohol, 
SO Sc by volume. Allow to stand a few hours, pour off the solvent as completely as 
possible, and repeat the extraction, using alcohol 70% by volume and containing 
approximately 1% of XH^OH. (1) Examine separately tho filtered alcoholic ex- 
tracts as directed under (a); or, (2) boil the ammoniacal soln until practically neu- 
tral, complete the neutralization with acetic acid, add the neutral 80% alcohol ex- 
tract, continue the evaporation until most of the alcohol is removed, and boil a 
small portion with wool as directed under (a). 

(e) Cocoa and chocolate products. — Treat cocoa as directed under (d). The alco- 
holic extract will contain large quantities of natural coloring matters, and several 
dj'eings and strippings may be necessary to remove these in order to sliow the pres- 
ence of coal tar dyes. 

Chocolate may be treated similarly, but the following procedure is preferable: 
Wash 20-200 g of the well-divided sample with gasoline on a filter until most of the 
fat has been removed; if the gasoline is colored, reserve for the examination of oil- 
aoluble dyes as directed under 3. Remove most of the adherent solvent from the 
residue by evaporation or pressure between layers of absorbent paper and digest 
with alcohol as directed under (d). 

Coal tar dyes may also be detected in chocolate and cocoa products by mixing 
the samples directly with 3-4 times their weight of hot HjO and immediately boil- 
ing the magma with wool, as directed under (a). 

(f) Cereal products (macaroni or other alimentary products),- -Xlse 500 g of coarsely 
ground sample and proceed as directed under XX, 70. 

3 (Hl-Soluhle Coal Tar Dyes' 

Prepare an alcoholic soln of the dye by applying one of tlic following methods to 
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the oil or fat, obtained by extraction with ether or gasoline if the nature of the sul)- 
stance requires it: 

(a) Shake the oil or melted fat with an equal volume of alcohol, 90% by volume, 
and wash the alcoholic extract with several portions of gasoline to free the coloring 
matter from foreign fats. The alcohol, after separation, will contain aniline yellow, 
butter yellow', arninoazotoluene, auramine, sudans, yellow OB, yellow AB, etc., 
if present. 

(b) Saponify 20 -200 g of the oil or fat with O.o N alcoholic KOII, remove most 
of the alcohol on the steam bath, and extract the soap with ether or gasoline. Re- 
move the dyes from the solvent with 10 cc portions of a mixture containing 1 part 
of TICI and 5 parts of glacial acetic acid. Most of the common dyes are removed 
by this treatment, tho the digestion with strong alkali may cause some decom- 
position and make the extraction rather troublesome. 

(c) Dilute 20-200 g of the oil or melted fat with 1-2 volumes of gasoline and 
shake out successively with 2-4% KOH or NaOH sola, HCl (1-1-3), and H3PO4- 
H2SO4 mixture, prepared by mixing 85% H3PO4 wdth about 10-20% by volume of 
Il2S()4. The dilute alkali extracts sudau G (10) [23] and annatto (709) [1241]. The 
dilute llCl extracts aniline yellow (7) [15], arninoazotoluene (— ) [17], and butter 
yellow (16) [19], the first two forming orange-red, the latter cherry-red solns in this 
solvent. The H3PO4 mixture is ncctessary for the extraction of sudau I (11) [24], 
Sudan II (49) [73], sudan III (143) [248], and the homologue of the last, Sudan IV 
( “) [258]. Benzeneazo-beta-naphthylamine ( — ) [22] and homologues also come in 
this group, tho they readily undergo chemical changes in the strongly acid mix- 
tures. The procedure is not very suitable in the presence of auramine, but this dye 
is seldom found in oils. Neutralize the alkaline and the dilute HCl solns; dilute the 
HsP 04 mixture and partially neutralize, cooling the liquid during this operation; 
and extract the dyes by shaking with ether or gasoline. 

For the direct dyeing test use the alcoholic soln obtained as directed under (a). 
Evaporate to dryness the ether or gasoline solns obtained as directed under (b) and 
(c) and dissolve the residue in 10-20 cc of 95% alcohol To the alcoholic soln add 
some strands of white silk and a little H2O and evaporate on a steam bath until 
the alcohol has been removed or the dye is taken up by the silk. The dyeing teat is 
sometimes unsatisfactory, and in all cases a small portion of the alcoholic soln 
should be tested by treating with an equal volume of HCl and SnCls soln. The com- 
mon oil-soluble coal tar dyes are rendered more red or blue by the acid and are 
decolorized by the reducing agent. Most of the natural coloring matters become 
slightly paler with the acid and are little changed by the SnCG soln. 

SEPARATION BY IMMISCIBLE SOLVENTS PROCEDURE'^ 

4 Coal Tar Dyes in General 

The use of immiscible solvents for the separation of mixtures of coloring matters 
generally requires a systematic fractionation since many dyes do not differ very 
greatly in their solubilities in the various solvents. 

5 PREPARATION OF SOLUTION 

(a) Water-soluble colors .—Proceed as directed under 2, omitting the fixation of 
the color on wool, and obtain an aqueous soln as free as practicable from suspended 
matter, alcohol, acids, alkalies, and salts. Taquids require no preparation except the 
removal of any alcohol tliat may be present. 
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(b) Water-insoluble lakes . — If the sample is in solid form, treat the well-divided 
material with sufficient HaO to form a paste. 

(c) Oil-soluble dyes . — Proceed as directed under 3, preferably 3(a) or 3(c). 

6 Basic Dyes 

Most basic dyes may be separated from mixtures by making alkaline with 10% 
NaOH soln and shaking with etherJ Use the sample prepared as directed under 5 
for this purpose. Separate the ether layer, which may or may not be colored; wash 
it twice with a few cc of H 2 O to remove excess of alkali; and shake with acetic acid 
(1+18), which will take up any dye present and form a colored soln. Altho this 
treatment may, to some extent, alter the common basic colors, it can be used for 
the detection of methyl violet B (451) [680], magenta (448) [677], bismarck brown 
(197) [331], malachite green (427) [657], and rhodamine R (504) [749]. With care 
auramine (425) [655] also may be separated in this way, tho it is quickly decom- 
posed on standing in alkaline soln. 

7 Acid Dyes 

The following short procedure is often convenient for the examination of mixtures 
of acid dyes: Make the prepared sample, 5, strongly acid by adding ^ its volume 
of HCl and shake with amyl alcohol. Separate the amyl alcohol soln and wash by 
shaking with successive portions of ^ its volume of 11 2 O, reserving the portions in 
separate test tubes or beakers. Because of the varying acid content of the amyl 
alcohol these washings will show a regular decrease in acidity, and the coloring 
matters will appear in maximum quantity in the different fractions according to 
their respective solubilities. Ponceau 611 (108) [186J is washed out chiefly while the 
acidity is still high, approximately normal. Amaranth (107) [184], brilliant scarlet 
(106) [185], tartrazine (94) [640], sunset yeflow FCF, orange G (14) [27], and soluble 
blue (4S0) [707] appear when the washings have an acidity of about 0.25 and 
palatine scarlet (53) [77], ponceau 2R (.55) [79] and 3R (56) [80], ponceau SX, 
naphthol yellow S (4) [10], cochineal (706) [1239], crystal ponceau (64) [89], and 
azorubine A (103) [179] between X and 1/256 N. When practically all the acid 
is removed, orange I (85) [150], orange II (86) [151], and croceine orange (1.3) [26], 
begin to wash out, and less readily, orange (88) [143] and rnetanil yellow (95) 
[138]. Finally the unsulfonated coloring matters, such as erythrosine G (516) |772], 
erythrosine B (517) [773], and the rose bengals (520) [777] and (523) [7791 arc re- 
moved ver}" slowly by H 2 O or not at all unless the solvent is diluted with gasoline 
and the dyes are removed with II .0 containing a few drops of NH*OH. Acid yellow 
(8) [16] and brilliant yellow 8 (89) [144] are not very uniform in composition. They 
are partially taken up by amyl alcohol from acid soln and appear chiefly in the 
first washings. Indigotine (692) [1180] behaves somewhat similarly. 

hen it appears probable that only the coal tar dyes listed in the regulations for 
the enforcement of the Federal Food and Drugs Act* for use in food products are 
present, the following abridged procedure may be conveniently used for their sep- 
aration: 

PERMITTED COAL TAR FOOD COLORS’ 

(Amaranth, ponceau 311, ponceau SX, erythrosine, orange I, light green SF 
yellowish, fast green FCF, guinea green B, brilliant blue FCF, indigotine, naphthol 
yellow 8, sunset yellow FCF, tartrazine, yellow AB, and yellow OB.) 

8 PREPARATION OF SOLUTION 

(a) For foodstuffs containing oil-soluhle Proceed as directed under 3(a), 
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evaporate the 90% alcoholic extract to dryness in a casserole, treat the residue with 
40 cc of low-boiling gasoline, and shake the gasoline soln with 2 or 3 portions of 5 
oc each of 2-4% NaOH soln (to remove annatto, turmeric, etc., if present). The 
gasoline soln will contain the yellow OB and yellow AB. 

(b) For foodstuffs which corttain no oil-soluble dyes or from which these dyes have 
been removed . — Proceed as directed under 2, omitting the fixation of the color on 
wool, and obtain an aqueous soln as free as possible from suspended matter, alcohol, 
acids, alkalies, and salts. The dye soln should be preferably between 0.01 and 0.05%. 
The soln obtained in the examination of colored food products rarely requires 
further dilution, but with commercial food colors care must be taken that the con- 
centration is not too great. 

9 SEPARATION 

(a) Yellow AB and yellow OB . — Extract the gasoline soln of these dyes, 8(a), 
3 times with ^ its volume of 13 N HzSOi. Shake each acid extract successively with 

2 portions (equal volumes) of low-boiling gasoline, using the same 2 portions of 
gasoline for each acid portion. Extract each of the 2 latter gasoline portions with 
20 cc of 13 N H2SO4, using the same acid portion successively for both gasoline 
portions. Finally extract the second of these gasoline portions with another 20 cc 
portion of 13 N H2SO4. (The original gasoline soln has now been shaken with acid 

3 times, the next gasoline portion 4 times, and the third 5 times.) Combine the acid 
extracts, dilute with H2O, re-extract with low-boiling gasoline, and evaporate the 
solvent. Yellow AB will be found in a practically pure state. Combine the gasoline 
solns (original and subsequent solus left after the acid washings), wash with small 
portions of HaO to remove excess of acid, and evaporate the solvent. The yellow 
OB will remain as a residue. (This method is not absolutely quantitative, but it is 
sufficiently accurate to make a separation of either of the dyes with comparatively 
little contamination from the other.) The following color test may be applied to 
the separated dyes to confirm their identity: Shake 5 cc of a neutral gasoline soln 
of the i)ye in a test lube with 5 cc of a mixture of 1 part of 40% HCHO soln and 4 
parts of acetic anhydride. Both coloring matters are extracted by the acetic an- 
hydride, yellow AB giving in a few seconds a red colored soln, and yellow OB, under 
the same conditions, giving an orange colored soln. 

(b) Amaranth, ponceau 8R, ponceau SX, erythrosine, orange 7, light green SF 
yelloicish, fast green FCF, guinea green B, brilliant blue FCF, indigotine, naphihol 
yellow (S', sunset yellow FCF, and tartrazine . — To the soln obtained under 8(b), add 
sufficient 25% salt soln to make the concentration about 10% and 1 part acetic 
acid to every 7 parts of soln. Extract with 3-50 cc portions of amyl alcohol. Draw 
off the lower layer and reserve for further treatment. Wash the amyl alcohol ex- 
tract in rotation with 25 cc portions of 5% salt soln until the washings are colorless 
or nearly so. Add the washings to the original aqueous soln. Dilute the amyl alcohol 
extract with an equal volume of gasoline and wash with 25 cc portions of H3O until 
all color is extracted. The coloring matters obtained are orange I and guinea green 
B. For their separation see (1) below. Treat the amyl alcohol gasoline soln with 10 
cc portions 0.1 A NaOH or with 10 cc portions of NH4OH (1+9). which will remove 
erythrosine. The original soln and washings (from which the 3 named dyes were 
removed) are acidified with HCl (1 volume acid to 40 volumes of soln) and ex- 
tracted in 50 cc volumes with three 50 cc portions of amyl alcohol. Reserve the lower 
aqueous layer for further treatment, Wash the amyl alcohol extract with 25 cc por- 
tions of 0.25 N HCl until the washings are colorless or nearly so. Combine washings 
with the aqueous soln above. The amyl alcohol is extracted with several 25 cc 
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portions of HjO until all color is extracted, 'i’he coloring matters obtained are pon- 
4!ean 3R, ponceau SX, and naphtliol yellow S. For their separation see (2). The 
original soln and washings (from which the 6 named dyes were removed) are treated 
in 50 cc volume with 3-50 cc portions of a die hlor hydrin. Reserve the upper aqueous 
layer for further treatment. AVash the dichlorhydrin extract in rotation with several 
20 cc portions of 25% salt soln. Combine washings with the aqueous soln above. 
Dilute the dichlorhydrin extract with 2 volumes of CCh and extract with several 
25 cc portions of HjO until all color is extracted. The coloring matters obtained are 
light green SF yellowish, fast green FCF and brilliant blue FCF. For their separa- 
tion see (3). Further acidify the original soln and washings (from which the 9 named 
dyes were removed) with HCl (1 vol. acid to 40 vol. soln) and extract in 50 cc 
volumes with three 50 cc portions of amyl alcohol. (If the color intensity of the soln 
was not too strong, all coloring matter should have been e.xtracted by the solvent.) 
Discard the lower colorless or nearly colorless layer and wash out the dyes from 
the amyl alcohol extract in rotation with several 25 cc portions of H2O, until all 
color is extracted. The coloring matters obtained are indigotine, amaranth, tar- 
trazine, and sunset yellow FCF. For their separation see (4). 

(1) Orange I and guinea green B. — Extract the combined colors with two 20 cc 

portions of a dichlorhj'drin. Discard the colorless upper aqueous layer, dilute the 
solvent with 2 volumes of CCI4, and extract out orange T in rotation with several 
10 cc portions of and guinea green B with several 10 cc portions of 25% 

alcohol. 

(2) Ponceau SR, ponceau SX, and naphthoL yellow ^S'.— Acidify the combined 
colors with HCl (1 part acid to 10 parts of soln) and extract the na]>lithol yellow 
S with two 20 cc portions of washed ethyl acetate or amyl acetate. Ponceau 311 
and ponceau SX are not extracted appreciably and remain in the aqueous layer. 
AVash the solvent with 5 cc portions of A' HCl to remove traces of the ponceaus. 
Xaphthol yellow S is removed from the combined ethyl acetate or amyl acetate 
with 5 cc portions of XH4OH (1 -1-9), Extract the remaining ponceau soln with 
20 cc portions of am\'l alcohol and wash out excess of acid twice with a few cc por- 
tions of HjO, Dilute amyl alcohol with an equal volume of gasoline, and remove 
the color with small volume.s of H2O. Treat 10 cc of this soln with 1 cc of HCl, 
2 cc of strong bromine water, and lastly 3 cc of saturated hydrazine sulfate soln and 
immediately pour into a test tube containing 10 cc of 2 X sodium carbonate and 
2 drops of 1% alcoholic alpha naphthol. (.\ light orange soln indicates ponceau 3K. 
A deep brownish red soln indicates ponceau SX.) Add to the soln 5 cc of ether, mix 
well and draw off the lower aqueous layer which, if colored, contains ponceau SX. 
To the ethereal extract add an equal volume of HCl when the formation of a 
purplish solution confirms the presence of ponceau 3K. 

(3) Light green SF yellowish, fast green FCF, and brilliant blue FCF.— Treat the 
combined colors with an equal volume of 2 N NajCOa soln and extract in 25 cc 
volumes with two 50 cc portions of X butyl alcohol. Draw off the lower aqueous 
layer containing the fast green FCF and wash out the last traces from the solvent 
with 25 cc portions of 2 A' Ka2COj. Re.serve washings and add to the aqueous soln 
for confirmatory tests. Light green SF yellowish is colorless in the solvent while 
brilliant blue FCF imparts a bluish green to it. To prove the presence of light green 
SF yellowish in presence of brilliant blue FCF proceed as follows: Dilute the solvent 
with an equal volume of gasoline and remove color with small portions of HjO. 
Treat 20 cc of soln with 4 cc of 10% NaOH and boil for 5 min. Brilliant blue FCF 
is changed to a red pha.se, while light green yellowish is changed to a yellow. 
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Acidify with 10 cc of giacial acetic acid, which changes brilliant blue FC^F to a violet 
and light green SF yellowish to a green. Treat with about 3 g of zinc dust and heat 
until soln is decolorized. Filter, make slightly alkaline with NH4OH and later make 
acid with acetic acid and bring to a boil. In the presence of light green SF yellowish 
a deep green soln is formed while brilliant blue FCF remains colorless. 

(4) Indigotine, amaranth, iartrazine, and sunset yellow FCF . — To separate the 
indigotine heat a small portion of the soln, which should be neutral or faintly acid, 
to boiling, and add a few crystals of Na2S204 until all the dyes are reduced. On 
adding a few drops of glacial acetic acid and shaking with air the indigotine is 
quickly restored, while amaranth, tartrazine, and sunset yellow FCF are destroyed. 
If a positive test for indigotine is obtained, add to the remainder of the mixed dye 
soln several decigrams of urea, heat, and while the mixture is boiling add 1 or 2 
drops of 10% NaNOj. Indigotine is converted to the pale yellow isatine sulfonate, 
while amaranth, tartrazine, and sunset yellow FCF are but little affected. Acidify 
the resultant mixture with H2SO5 (1+4), using 1 part of dilute acid to 10 parts of 
soln. Extract in 25 cc portions with three 50 cc portions of N butyl alcohol. Draw' 
off lower layer and pass successively thru all the funnels. Reserve the aqueous layer 
if colored; if not colored, discard. Prepare the following soln: 13.5 cc of H2SO4, 
100 g of anhydrous Na2S04, and sufficient II2O to make 1 liter. Extract the N butyl 
alcohol successively with 25 cc portions of the soln until w'ashings are colorless. 
Reserve them for amaranth and tartrazine. Dilute the N butyl alcohol with an 
equal volume of gasoline and remove sunset yellow FCF with H2O. Confirm with 
dyeing tests and wet reactions. 

Acidify the reserved soln with HCl (1 vol. acid to 20 of soln) and extract with 
two 30 cc portions of amyl alcohol. This wdll extract both amaranth and tartrazine 
while the isatine compound, being less readily extracted, remains in the lower layer 
and is di.scarded. Remove the coloring matter with several 10 cc portions of H2O. 
To a portion of the soln add 5 drops of NH4()H and a few crystals of Na2S2(>4. 
(This treatment will destroy amaranth completely, leaving tartrazine practically 
unaltered.) Add an excess of HCl and speedily extract the dye with a small volume 
of amyl alcohol, from which soln tartrazine can be removed with 0.25 N HCl. 
Treat another 10 cc portion of the neutral dye soln in a test tube wdth 2 cc of 20% 
NH4CI and 1 cc of 25% KCN soln and heat in a boiling water bath for 5 min. Cool 
rapidly and acidify with 2 cc of HCl and extract with 10 cc of amyl alcohol (caution). 
Draw off the lower layer and discard. Remove tartrazine with 5 cc portions of 0.25 
N HCl; amaranth is converted to a low'er sulfonated dye, and is not removed at 
that acid concentration. Dilute the solvent with an equal volume of gasoline and 
extract the dye with small volumes of HoO (amaranth is modified to a brownish 
red dye). 

10 IDENTIFICATION^o 

The moat widely used tests for the identification of coal tar dyes refer to the 
changes produced with acids and alkalies. Other tests, based upon the behavior 
with reducing agents, followed perhaps by treatment with oxidants or by separa- 
tion and identification of the reduction products, and tests based upon oxidation 
of the dye and treatment of the oxidation products, are generally applicable, 
Spectrosro]>ic methods are also used.“ 

11 /. By (Udor ('kunges Frodiirvd irilh Acids and Alkalies 

Transfer the separated coloring matter to wool (or to silk in the case of oil- 
soluble dyes) by boiling as directed under 2(a) or 3. (Care should be taken that the 
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final dyeing is made in a soln fairly free from foreign matter such as sugar or aro- 
matic substances, which, adhering to the fiber, may modify the reaction. In most 
cases the quantity of color available is small and should not be used to dye too 
large a piece of wool, or silk.) Rinse the dyed fiber thoroly in running H2O, dry, cut 
into small pieces, and place separately in the depressions of a white porcelain spot 
plate. Moisten the pieces with HCl, HjSO*, 10% soln of NaOH, and NH4OH con- 
taining 12% by weight of NHj. (For many coloring matters the hue upon treatment 
with acids or alkalies varies markedly with the concentration of the reagents and 
quantity of dye present; therefore the unknown dye should be compared with dye- 
ings of known colors of approximately the same dye concentration as shown by 
their appearance.) 

Table 1 shows the color changes produced on wool dyed with 0. 1-0.5 % solns of the 
respective coloring matters. Included also are the reactions of the oil-soluble colors, 
but these refer to dyeing on silk. The dyes are arranged approximately according 
to hue. Brown is classed with orange; black (gray), with violet. 

12 II- By Special Tests 

(a) Oil-soluble dyes {yellow AB and yellow OB ). — A method of separating and 
identifying the 2 permitted oil-soluble dyes is given under 9(a). The alcoholic solus 
of these dyes become red on treatment with HCl; are unaffected by alkalies; are 
reduced by SnCl2, TiCh, and Na2S204; and the color is not restored to the reduced 
solns on the addition of FeCb or K persulfate. 

(b) Water-soluble dyes {amaranth, ponceau 311, ponceau SX, erijthrosine, orange I, 
light green SF yellowish, fast green FCF, guinea green B, brilliant blue FCF, indigoline, 
naphihol yellow S, sutiset yellow FCF, and tartrazine ): — Treatment of these dyes in 
acid soln with SnCl>, TiCh, Zri dust, or Xa^SoOi decolorizes indigotine, amaranth, 
ponceau SR, ponceau SX, orange I, sunset yellow FCF, and tartrazine. With in- 
digotine the color returns on shaking with air, but niore readily on warming or on 
the addition of FeCIj or K persulfate. Excess of the reducing agents must be avoided. 
With the last 6 named dyes the color is not restored. Dilute solns of light green SF 
yellowish, guinea green B, fast green FCF, brilliant blue FCF, naphthol yellow' S, 
and erythrosine become yellow' or colorless w'ith acid so that the effects of acid- 
reducing agents are not so readily apparent. Neutral solns of naphthol yellow' S 
are first changed to pink and later decolorized by Na2S204 and other reducing 
agents, the color not returning with air or oxidants. Erythrosine, light green SF 
yellowish, fast green FCF, brilliant blue FCF, and guinea green B become paler 
with Na2Sj04, the color being partially restored upon the addition of K persulfate. 

In hot solns containing an excess of Na tartrate, the water-soluble dyes are 
readily decolorized by TiClj.^^ In the case of indigotine, if the reducing agent has 
been added carefully and an excess avoided, the blue color readily returns on shak- 
ing with air. With erythrosine, light green SF yellowish, fast green FCF, brilliant 
blue FCF, and guinea green B the color is scarcely restored by air, but on cooling 
and adding K persulfate it returns imperfectly. The reduction products of the other 
dyes do not give colored solns again on oxidation, if a slight yellowish or brownish 
tint that may sometimes appear is disregarded. 

( 1 ) Light green SF yellowish, fast green FCF, brilliant blue FCF, and guinea green 
B belong to the triphenyl-raethaiie type of dyes. Solns of light green SF yellowish 
and guinea green B behave similarly with acids, alkalies, and reducing agents, pro- 
ducing a yellow to a greenish yellow with mineral acids, and an almost colorless 
soln with alkalies as well as with reducing agents. On the other hand, while the 
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reactions of fast green FCF ami brilliant blue FCF are similar with acids and re- 
ducing agents, they differ in respect to their behavior to alkalies. While light green 
SF yellowish is decolorized by the addition of NH4OH or 10% NaOII, fast green 
FCF produces a deep blue soln by similar treatment, which is not altered even on 
boiling; brilliant blue, on the other hand, is not affected by NH4OH or fixed alkalies 
in the cold, but is changed to a reddish purple soln upon boiling with 10% NaOII. 
The easy solubility of these 4 colors in a dichlorhydrin differentiates them from all 
other permitted dyes. To separate guinea green B from light green SF yellowish, 
fast green FCF and brilliant blue FCF, proceed as follows: 

fAghi green SF yellouAsh and guinea green B. — Prepare a soln of 250 g of NaCl, 
27 g of crystallized Na acetate, and 24 cc of acetic acid in HjO, and dilute to 1 liter. 

To separate and differentiate the 2 green coloring matters add to every 20 cc of 
dye soln 1 cc of IICl and extract with an equal volume of amyl alcohol. Draw off 
the lower layer and remove the light green SF yellowish by washing the remaining 
amyl alcohol portion with equal volumes of the NaCl-sodium acetate soln until 
no more color is extracted. Dilute the amyl alcohol with an equal volume of gaso- 
line and remove the guinea green B with H 2 O. 

Light green SF yelloicish, fast green FCFy and brilliant blue FCF. — To separate 
and differentiate proceed as directed under 9(3). 

(2) Indigoiine is extracted in small proportions from slightly acid solns by shak- 
ing wdth a dichlorhydrin, from which it may be removed with small portions of 
25% salt soln. Most of the other common bluish dyes are triphenyl-methane deriva- 
tives and are relatively more soluble in the solvent than in the aqueous layer. Indigo 
is readily destroyed by boiling with a ver}^ small amount of a fixed alkali soln, by 
which treatment it may be readily eliminated from other coloring matters. 

(3) Fonceau 3R gives in neutral or faintly acid solns a bluish red, flocculent pre- 
cipitate with BaCB or Ra acetate, practically all the dye being removed from soln. 
Some of the soln obtained in the separation, 9, may be used in this test, the free 
HCl first being neutralized with Na acetate; or better, it may be evaporated to 
dryness on a steam bath to remove the acid and the residue taken up with a little 
H 2 O. A brick red precipitate will be formed on standing, when a neutral soln of the 
dye is treated with a 20% soln of neutral Pb acetate. The soln should contain 
0.005% or more of the dye. 

(4) Naphthol yellow S, in solns containing an excess of NH4OH or NazCO^, be- 
comes intensely rose-red on the addition of Na 2 S 204 , the color gradually fading 
again as complete reduction takes place. A red coloration is also produced if an 
aqueous soln of the dye is treated with a few drops of 40% SnCU and an excess of 
20% KOH is added. 

(5) Tartrazine is characterized by its comparative inactivity towards acids and 
alkalies, the soln of the dye being hardly altered by the reagents. An alkaline 
soln of the dye is reduced with Na 2 S 204 only with difficulty. A concentrated neutral 
or slightly acid soln of the dye, when reduced with SnCU soln or Zn dust and made 
slightly alkaline and filtered, will develop a purple coloration on standing. 

(6) Orange 1 can readily be recognized by its behavior toward reagents. With a 
large excess of HCl it produces a purplish-red; with alkali in large excess it produces 
a bright red soln. 

(7) Eryihrosine differs from most of the common dyes in that it contains I. To 
test for I, acidify the soln with H 2 SO 4 , shake with ether, separate the ether soln of 
the color, and evaporate to dryness in a Pt dish after the addition of a few drops of 
NajCOj soln or sufficient to form the deep red Na salt. Hold the dish containing the 
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residue in the Bunsen flame until organic matter is destroyed, take up the residue 
with HaO, acidify with HaSO*, and test for I in one of the usual ways, such as with 
Cl water and CSj or CCB, or with starch paste and an oxidizing agent. It is useless 
to test for I with very small quantities of dye, but in most cases sufficient coloring 
matter can be separated from the food product to give satisfactory results. 

13 NATURAL COLORING MATTERS 

As a class the natural coloring matters show much less tendency to dye animal 
fiber than do the common synthetic colors. In many cases the crude products used 
contain a number of colored substances, and a complete separation is not prac- 
ticable. As dilute solns of most of the natural coloring matters are sensitive to al- 
kalies, and some are sensitive to acids, such reagents must be used with care. Rela- 
tively few good tests are known for the common natural colors. Some of their most 
useful analytical properties'^ are given in Table 2. 

The properties of pure preparations of the various natural coloring matters are 
described, for the most part, by Rupe,^® and by Perkin and Everest,” reference 
being made in these works to the original literature. Properties of the chlorophylls 
and carotinoids are given by Willstatter and Stoll, those of the coloring matters of 
the cornflower, rose, pelargona flower, larkspur, cranberry, whortleberry, purple 
grape, sloe, cherry, plum, radish, and red beet by Willstatter and coworkers.” 

14 SEPARATION 

(a) By extraction u'iih ether Jroyn neutral solns. — From neutral solns ether extracts 
carotin, xanthophyll (the pigments found in leaves, fata and oils, egg yolk, carrots, 
etc.), the coloring matter of tomatoes arul paprika, and green chlorophyll. The color- 
ing matter remains in the ether soln on shaking with normal NaOH soln or normal 
HCl, no apparent change taking place, altho chemically the substances may be 
altered more or less by this treatment. 

(b) By extraction iciih ether from acid solns— From slightly add solns ether ex- 
tracts very readily and completely the coloring matter of alkanet, annatto, turmeric, 
and the red dyewoods, sandalwood, camwood, and barwood. It extracts in large pro- 
portions the flavone coloring matters of fustic, Persian berries and quercitron (after 
hydrolysis), as well as the coloring matter of Brazilwood and the green derivatives 
formed from chlorophyll by alkaline treatment. It extracts in relatively sraftli quan- 
tity the coloring matters of logwood, archil, saffron, and cochineal. The coloring 
matters of this group are readily removed from ether by shak ing with alkaline solns, 
but in most cases they rapidly undergo chemical change. 

(c) By extraction with amyl alcohol from acid solns.— From slightly acid solns amyl 
alcohol extracts largely the coloring matters of logwood, archil, saffron, and coch- 
ineal. Amyl alcohol extracts in relatively small proportions caramel and the antho- 
cyans constituting the red coloring matter of the most common fruits. 

IDENTIFICATION 

15 /.By Color Changes I^roduced udlh Various Iteagenis 

Evaporate to dryness the ether solns obtained under 14(a) and 14(b), warm the 
residue with a little alcohol, and dilute with HjO. Dilute the amyl alcohol soln ob- 
tained under 14(c) with gasoline and extract with HjO. To portions of these some- 
what purified solns of the coloring matter apply the reagents in the following 
manner: 
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Hydrochloric add, — Add to the soln, first 1 or 2 drops of strong HCl, then a large 
excess equal to 3-4 times the volume of the soln. 

Sodium or potassium hydroxide, — Make the soln slightly alkaline by adding a 
drop of 10 % NaOH or KOH soln. 

Sodium hyposulfiie . — Add a small crystal of NajStO*. 

Ferric chloride. — Add a small quantity of freshly prepared 0 , 5 % FeCU soln very 
carefully, a small drop at a time, as the colorations are not obtained in some cases 
when an excess is used. 

Alum. — Add to the test soln ^ its volume of 10 % K- or Nn4-alura soln. 

' Uranium acetate. — Add 5 % XI acetate soln dropwise. 

Sulfuric acid on the dry color. — Evaporate a small quantity of the soln or of the 
coloring matter in a porcelain dish. Cool thoroly and treat the dry residue with 1 
or 2 drops of cold H2SO4. The colorations are in some cases extremely transitory, 
and they may be observed only the instant the aci<l wets the residue. 

Table 2 shows the behavior of certain of the natural coloring matters when treated 
in the manner described above. 

16 II, By Special Tests 

(a) Chlorophyll. — The “brown phase reaction”^'’ may be useful for the character- 
ization of chlorophyll, when this has not been previously treated with alkalies. 
Treat the green ether or petroleum ether soln of the coloring matter with a small 
quantity of 10 % soln of KOII in methyl alcohol. The color becomes brown, quickly 
returning to green. 

(b) Annatio.^'- — Pour on a moistened filter an alkaline soln of the color obtained 
by shaking out the oil or melted and filtered fat with warm 2% NaOH soln. If 
annatto is present, the filter paper will absorb the color, so that when washed with 
a gentle stream of H2O it will remain dyed a straw color. Dry the filter and add a 
drop of SnCU soln. If the color turns pink, the presence of annatto is confirmed. 

(c) Turmeric. — Treat an aqueous or dilute alcoholic soln of the color with HCl 
until the shade just begins to appear slightly orange. Divide the mixture into two 
parts and add some H3BO3 pow^der or crystals to one portion. A marked reddening 
will be quickly apparent, best seen by comparison with the portion to which the 
HjBOj has not been added. The test may also be made by dipping a piece of filter 
paper i^ the alcoholic soln of the coloring matter, drying at 100°, then moistening 
with a weak soln of H3BO3 to which a few drops of HCl have been added. On drying 
again a cherry-red color will be developed. 

•(d) Cochineal. — When the presence of cochineal is suspected, acidify the mixture 
with \ its volume of HCl and shake with amyl alcohol. Wash the amyl alcohol soln 
of the coloring matter 2-4 times with equal volumes of H2O to remove HCl, etc. 
Dilute the amyl alcohol with 1-2 volumes of gasoline and shake with a few small 
portions of H2O to remove the color. Divide the combined aqueous extracts into 2 
portions. To the first add, dropwise, 5 % U acetate soln, shaking thoroly after each 
addition. In the presence of cochineal a characteristic emerald-green color is pro- 
(luced.22 The green coloration with U salts is not developed in the presence of much 
free acid. Therefore, add a little Na acetate before making this test, or a correspond- 
ingly large quantity of XJ acetate must be added. To the second portion add 1 or 2 
drops of NH4OH; in the presence of cochineal, a violet coloration results. This, 
however, is not so characteristic as the first test as many fruit colors give almost 
identical reactions, (/ochineal is not decolorized by Na2Sj04 either in an acid, neu- 
tral or alkaline soln (differs from orchil). 
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Table 2. — Readion of certain natural coloring matters to common reoffeni* 


fOLORINCf 

MATTER 

STHONQ 

HYDROCHLORIC 

ACID 

10 PER CENT 
BODIUU 
HYDROXIDE 

SODIUM 

HYPO- 

SOLFITE 

0.5 PER cent' 

FERRIC 

CHLORIDE 

10 PER CENT 
ALUM 
SOLCTION 

5 PER CENT 
DRANITIM 
ACETATE 

CONCEN- 

TRATED 

80LFCR1C 




SOLUTION 

SOLDXION 

DRY COLOR 

LogWrtfl.I 

Deep red with 

Violet to 

Almost de- 

Dark shades 

Rose-red 

Violet, 

Red, 


escess of 

violet-blue 

colorized. 

of violet, 

(change 

quickly 

chang- 


acid 


color rc- 

brown or 

rather 

fading 

ing to 




turning 

black {the 

slow) 

yellow 




imperfectly 

first hue 







bv reoxi- 

often eva- 







da tion 

nescent) 




Ked wcKtds 

Deep rod with 
excess of 

A'iolet-rcd 






(Brazilwood, 


of violet, 

(change 



Sandalwood, 

acid 



brown or 

rather 



Camwood and 




black (the 

slow) 



Barwood) 




first hue 
often eva- 
neacentl 







Change to 
green, dull 






red frnit coi- 


aniiiins de- 





org 


blue or 

rived by 







slate color, 

hydrolysis, 







iisuall V 

almost 







very quick- 

completely 







ly becom- 

decolor- 







ing browner 
bv oxida- 

ized 







tion 








Deep blue 

Blue 






Archil 

Little or no 

.. 



green 

Violet-bluc 


change 

color re- 
turning 
when 
shaken 
with air. 
Reaction 
more easily 

alkaline 

^solution 












Cochineal 

Little or no 

Violet 

No markcfl 

Slightly 1 

darker 


Green 



change 

change | 



Annatto i 

Remaiaa 


Little af- 

No marked 



Blue 


orange. 


fected 1 

change, i 




Little 



PerhajM 





change 



somewhat 

browner 




Turmeric (srdu- : 

Orange-retl or 

Orange- 

Little af- 

; No markfd 

Little 

Somewhat 

Ktsl 

tion in ether 

carniine-red I 

brown 

fect (sl 

change. 

change 

browner 


or alcohol 

on a^Jdition 



Perhaps 



characterized 

of several 



somewhat 




by pure yel- 

volumes of ; 



browner 




low color and 

concentrated 







light green 
Suorescenee) 

acid 




i 



Fla voce col ora 

Becomfsiti- 

Bright yel- 

Little af- 

Olive-green 

j More strong- 

Orange 

Yellow 

of fustic, Per- 

; tensely yel- 

low 

fcctwi 

or black 

ly yellow; 

colora- 

to orange 

sian berries. 

1 low with 2-4 



colorations 

fustic, ilc- 

tions 


rjuercitron. 

volumes of 




velopjng a 



etc. 

concentratwl 




green flu- 




acid 




orescence 



Saffron 

Little or no 

Hemairis 

Little af- 

No markai 

Little 

Not af- 

Blue 


change 

yellow 

fected 

1 change. 
Perhaps 
somewhat 

change 

fected 


i 





Iwowner 




Carotin and 

: Little change. 
Perhaps 

Little or bo 

Little af- 




Blue, reac- 

Xantbophyll 

change 

fected 




tion ob- 


slightly 






tained 


^ I>aie,r 






with dif- 
ficulty 

(Jreen Chloro- 

More brownish 

“Brown I 






phyll 

phase reac- 
tion, ’T6(a) 







Cafaruel 

Little or no 

Little 

dlightly 

No change 






change 

paler 






or .siigljtly 







changi- 1 

deeper 

brown 







240 



COLORING MATTERS IN FOODS — TENTATIVE 


XXT 


As cochineal lakes often contain tin, further examination for this metal shoulrf 
always be made when water-insoluble cochineal compounds seem to be present. 

(e) Orchil . — This coloring matter is either sulfonated or unsulfonated. IJnsulfo- 
nated orchil is readily extracted by amyl alcohol from a weak acid soln, while the 
extraction of the sulfonated color is incomplete even from a strongly acidified soln. 
The behavior of the color towards acids and alkalies is similar to cochineal, e.g., 
HCl produces a yellow shade and alkalies produce a bluish shade. Na2S204 reduces 
orchil, but the color is restored by air oxidation (differing from cochineal). The 
characteristic property of orchil is to dye, strip, and redye wool readily. 

(f) Caramel . — A number of tests have been developed for this coloring matter, 
most of them being based upon the insolubility in ether, CHCvb, or amyl alcohol. 
Probably the most sensitive test is the Woodman-NewhalP® modification of Am- 
thor’s test with a slight deviation. To 10-20 cc of a neutral soln of the color in a 
small centrifuge tube add 2 cc of 5% ZnCh and 2 cc of 2% KOH soln, stir well, and 
centrifuge. Pour off the liquid, and the magma add 25 cc of boiling H2O. Mix, 
centrifuge, and pour off liquid. Repeat this operation until the aqueous wash liquor 
is colorless. Dissolve the precipitate with 15 cc of 10% acetic acid, concentrate, neu- 
tralize carefully, and filter. Divide into 2 portions. To one add 3-5 volumes of paral- 
dehyde in a 50 cc glass-stoppered cylinder, and just sufficient absolute alcohol to 
form a homogeneous soln (avoid excess). (Caramel will be indicated by the formation 
of a brownish precipitate on standing. To the other portion of the caramel soln add 
an equal volume of a freshly prepared reagent consisting of phenylhydrazin hydro- 
chloride, 2 parts; Na acetate, 3 parts; H^O, 20 parts. A dark brown precipitate is 
formed in the presence of caramel. 

COMMERCIAL COAL TAR FOOD COLORS^' 

17 PREPARATIOM OF SAMPLE 

Thoroly mix and without interruption weigh out the portions required for the 
tleterminations to be made. If the weighing cannot be made directly into the dish 
in which the determination is to be made, use weighing bottles for this purpose, 
placing in each a quantity approximating the weight called for, and weigh immedi- 
ately. 

18 MOISTURE 

(a) Amaranlh, ponceau SR, ponceau SX, erythrosiney orange I, riaphthol yellow S, 
sunset yellow FCF, tartrazine, guinea green B, light green SF yellowish^ fast green 
FCF, brilliant blue FCF, and indigotine.—\Yeig.h approximately 2 g of the sample in 
a w'eighed A1 dish 2 in. in diameter or in a weighing bottle of about the same di- 
ameter, dry in an air oven at 135° for 6 hours or overnight, cool over H2SO4 in a 
desiccator, and weigh. Heat again for 1 hour, cool in the desiccator, and weigh. Re- 
peat the heating and weighing at hour intervals until the weight becomes constant. 
Report the loss in weight as moisture. 

(b) For yellow AB and yellow OR.—Proceed as directed under (a), heating the 
dye to 80® instead of to 135°. 

WATER-INSOLUBLE MATTER 
19 APPARATUS 

Prepared Gooch cruable.—Digest a good grade of retentive asbestos with HO 
(1 -1-3), wash free from acid, and elutriate to remove fine particles; pour a sufficient 
quantity into a Gooch crucible placed in a filter flask to make a mat i in. thick 
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when packed. Using gentle suction, pack the asbestos down evenly with a tamping 
rod and then remove the Gooch from the filter flask. Loosen the mat around the 
edges with a thin narrow blade or pin, take out of Gooch, replace in an inverted 
position, pack down tightly, and add more of the asbestos suspension until a well 
packed mat of suitable thickness is obtained. Wash with hot H^O, dry, ignite, re- 
wash, dry at 100 105®, cool in a desiccator, and weigh. Repeat the washing, heating, 
and drying until constant weight is obtained. 

20 DETERMINATION 

(a) Amaranth, ponceau SX, erytkrosine, naphthol yellow S, sunset yellow FCF, 
tartrazine, guinea green B, light green SF yellowish, fast green FCF, and brilliant blue 
FCF. — Dissolve 5 g of dye in 200 cc of hot HjO and allow the soln to cool to room 
temp. Filter thru the prepared Gooch crucible, wash with cold H 2 O until all dis- 
solved dye has been removed, dry at 135®, cool in a desiccator, and weigh. Report 
the increase in weight as total insoluble matter, 

(b) Ponceau 3R, oraiige I, and indfjoU'ne.— Dissolve 5 g of dye in hot HjO, using 
250 cc for ponceau 3R and orange I, and 500 cc for indigotine, and boil, with fre- 
quent stirring, for 3 min. Cool the soln to room temp., let stand overnight and 
filter with moderate suction. Wash with cold H 2 O, dry, cool, and weigh as directed 
under (a). 

21 NON-VOLATILE WATER -IN SOLUBLE MATTER 

Amaranth, ponceau SR, ponceau BX, erythrosine, orange T, naphthol yellow S, 
sunset yellow FCF, tartrazme, guinea green B, light green SF yellowish, fast green 
FCF, brilliant blue FCF, and indigoline. — incinerate the Gooch containing the 
total insoluble matter, 20, at a low red heat until all the organic matter has been 
volatilized. Cool in a desiccator and weigh. 

SODIUM CHLORIDE 

22 REAGENTS 

All reagents must be halogen free. 

Sulfur dioxide soln. — Saturate ice-cold distilled H 2 O with SO 2 . Keep the soln 
stoppered and in a cold place. 

23 DETEU.M I NATION 

(a) Amaranth, ponceau SR, ponceau SX, orange /, sunset yellow FCF, tarlrazine, 
guinea green B, light green SF yellowish, fast green FCF, brilliant blue FCF, and in- 
digotine. — Thoroly mix 5 g of dye with 4-6 g of K2CO3 or Na 2 C 03 in a 50 cc Pt or 
Xi crucible and moisten with H 2 O or 50% alcohol. Cover evenly with about 1 g 
of the powdered carbonate, dry, and ignite at low red heat until organic matter is 
destroyed. Allow to cool and add enough H 2 O to form a thin paste. If any lumps 
are present, break them up with a glass rod in order to produce a uniform sus- 
pension. Wash the mixture into a 250 cc volumetric flask with 100-150 cc of hot 
H 2 O and allow to stand until all soluble salts are dissolved and the mixture is cold. 
Dilute to the mark with HjO, mix thoroly, and filter thru a dry paper. 

Place a 200 cc portion of the filtrate in a 600 cc beaker and add enough of a 6-7% 
soln of KMnOi to oxidize the sulfides and produce a permanent pink color. Add 
about 50 cc of HjO and a slight excess of 10% AgNOj soln (usually 6-8 cc is suffi- 
cient). Partially cover the beaker with a watch-glass and acidify the soln by care- 
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fully adding about 12 cc of HNO3. Heat nearly to boiling, then add the saturated 
SO2 soln. Boil until any excess of SO 2 is removed, cool, filter thru a weighed Gooch 
crucible, wash the precipitate of AgCl with hot H2O, dry crucible and its contents 
at ISS*", cool in a desiccator, and weigh. Calculate to percentage of Nad 

(b) Erythrosine. In a 500 cc volumetric flask dissolve 5 g of the dye in 400 cc 
of H2O. Precipitate the color acid by adding a mixture of 2 cc of IINOj and 10-20 
cc of H2O, dilute to 500 cc, mix, and filter thru a dry paper. Treat 200 cc of’the 
filtrate with slightly more 10% AgNOa soln than is required to precipitate the 
halogens present, add 5 cc of HNOa, and heat to boiling. Cool, collect the precipitate 
in a weighed Gooch cr\icible, wash, dry, and weigh as directed under (a). If Nal is 
present, determine as directed under 54, and subtract the weight of Agl from the 
weight of the precipitate. Calculate the percentage of NaCl from the net AgCl. 

(c) Naphlhol yellow S. — Dissolve 5 g of the dye in 250 cc of H2O and filter if 
necessary. Add 5 cc of HNOj and precipitate the chloride by adding a slight excess 
of 10% AgNOa soln. Boil for a fe w min., cool, and filter thru a weighed Gooch cru* 
cible. Wash, dry, and weigh the precipitate and calculate as directed under (a). 

(d) Ponceau !^R . — Dissolve 5 g of the dye in 150 ce of hot II2O, wash into a 250 
cc volumetric flask, and add 25 cc of a 10% soln of Ba(N03)2- Cool the mixture, 
make up to the mark, mix, and filter thru a dry paper. Acidify 100 cc of the filtrate 
(representing 2 g of dye) with IINO3 and treat with a slight excess of 10% AgNOs 
soln. Collect the filtrate on a weighed Gooch crucible, wash, cool in a desiccator, 
weigh, and calculate as directed under (a). 

24 SODIUM SULFATE 

(a) Amaranth, ponceau SR, ponceau SX, orange /, sunset yellow FCF, and in- 
digotine. — Transfer to a 250 cc volumetric flask that volume of a water soln of the 
sample which contains 5 g of the dye; add H2O, if necessary, to bring the volume 
to 200 cc; and heat on the steam bath. Add pulverized NaCl as follows: For ama- 
ranth, t.artrazine, and sunset yellow FCF, 70 g; for ponceau 3R, ponceau SX, 
orange 1, indigotine, 50 g. Stopper the flask and shake at frequent intervals for an 
hour, (To hasten the precipitation the soln may be cooled in ice HjO.) Dilute to 
the mark with saturated NaCl soln, shake, and filter on a dry 18 cm paper. To 
100 cc of the filtrate add 200 cc of H2O and 1 cc of HCl (1+9), heat to boiling, 
and add a slight excess of hot 10% BaC^D soln. Allow to stand overnight, filter thru 
a weighed Gooch crucible, wash the precipitate of BaSO^ thoroly with hot H2O, 
dry, ignite, cool in a desiccator, and weigh. Calculate the weight of Na2S04 equiva- 
lent to the BaSO* obtained. 

(b) Erythrosine. — To such a volume of a water soln of the sample as contains 1 g 
of dye add H2O, if necessary, to bring the volume to 100 cc and^then add 50 cc of 
HNO3 (1 +49). Shake, and let settle. Filter off the dye and wash once, collecting the 
washings with the filtrate. Redissolve the dye by passing thru the filter paper as 
little NH4OH (1 +1) as will effect soln. Neutralize the base and reprecipitate the 
color acid by means of the HNO* (1+49). Filter off the dye and wash once, collect- 
ing the filtrate and washings with those obtained after the first precipitation of 
color acid. [A 100 cc aliquot free of the color acid. 23(b), may be substituted,] Pre- 
cipitate and determine the BaS04 as directed under (a). 

(c) Light green SF yellowish, Guinea green B, fast green FCF, and brilliant blue 
FCF,— Transfer to a 250 cc flask that volume of a soln which contains 5 g of the 
dye; add H2O, if necessary, to bring to a volume of about 200 cc, and heat on the 
steam bath. Add 5 g of phosphotungstic acid and shake at intervals until dissolved. 
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Thea add 50 g of pure pulverized NaCI, shaking at intervals to dissolve the salt.. 
Cool, dilute to mark with saturated pure NaCl solti, shake, and filter. To 100 ce 
of the filtrate add 200 cc of HjO and 1 cc of ROl (1 +0) and determine Ba804 as 
directed under (a). 

(d) Napktkol yellow S . — To a volume of a water soln of the dye that contains 
5 g of the sample in a 500 cc volumetric flask, add HjO, if necessary, to bring to a 
volume of about 300 cc. Add hot saturated KCl soln to bring to the 500 cc mark. 
Shake frequently until practically all the dye is precipitated. After the mixture is 
cold dilute with H2O to 500 cc. Shake, and filter thru a dry paper. Complete the 
determination as directed under (a) beginning with “To 100 cc of the filtrate add 
200 cc of H,0 and 1 cc of HCl (1+9).” 

25 SODIUM ACETATE 

Brilliant blue FCF.- -Weigh 10 g of the dye into a 200 cc Kjeldahl flask, add 25 
cc of H2O, and connect the flask in an upright position to a vertical straight-tube 
water-jacketed condenser. Insert a separatory or dropping funnel thru the stopper 
of the flask, together with the tube leading from the flask to the condenser. Add 
15 cc of phosphoric acid (sp. gr. 1.7) and heat the contents of the flask to boil- 
ing, Collect the acetic acid and condensed steam in a 300 cc Erlenmeyer flask to 
which has been added a standard soln of NaOII. Continue the boiling until about 
250 cc has been distilled over, replacing the distillate by H2O from the dropping 
funnel so that the volume in the Kjeldahl flask remains about 20 cc. (This distilla- 
tion should require about 2 hours.) At the end of the distillation period, remove the 
receiver and titrate the excess alkali with standard acid, using phenolphthalein as 
indicator. Run a blank distillation and deduct the resulting acidiU^ found. From the 
corrected acidity calculate the quantity of Xa acetate present in the dye. 

26 SULFATED ASH 

'a) Amaranth, ponceau 3R, ponceau SX, erythrosine, orange /, naphthol yellow S, 
sujiset yellow FCF, iartrazine, guinea green B, light green SF yellowuh, fast green 
FCF, brilliant blue FCF, and indigothie.—W elgh. accurately in a w'eighing bottle 
about 5 g of the dye and transfer it to a Pyrex Kjeldahl flask or tall beaker, washing 
out the w’’eighing bottle with a little H2O. Destroy the organic matter to a con- 
venient extent by digestion, using 15 cc of IDSOi and adding HNO3 as required. 
As the bulk of the HNO3 is driven off, low^er the flame to avoid reaction on the gla.ss. 
Transfer the mixture to a weighed Pt dish and heat over a ring burner, using at 
first a low flame at a safe di.stanec below' the dish, increasing the flame, and bringing 
it closer to the dish by gradual steps. Thu.s continue the de.struction of the organic 
matter and the volatilization of the acids. Continue the heating until the production 
of acid fumes decreases. If C remains, remove the flame; let the mass cool a little; 
and add H2SO4 dropwise, until the mass is moistened. Repeal the treatment until 
the C is burned off and the ash is white or reddish. Heat carefully w ith a bl.ast lamp 
until fusion takes place with the production oCa clear liquid free from bubbles. (a>ol 
in a de.siccator and weigh. After deducting the weight of NajSO* equivalent to the 
inorganic Na salts (chlorides, sulfates, carbonates, etc.) found in the other deter- 
minations, calculate to percentage of metallic Na combined in the dye. 

fb) Yellow AB and yellow OB . — In a w'cighed Pt dish weigh 5 g of the dye, heat 
at a low temp, until most of the dye has been volatilized, moi.sten the residue with 
H2SO4, and complete the determination as directed under (a), beginning with 
“Repeat the treatment until the G is burned off.” 
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27 HEAVY METALS 

(a) Amaranthy ponceau 3R, ponceau SX, eryihrosine, orange /, naphthol yellow Sy 
sunset yellow FCF, tarlrazine, guinea green B, light green SF yellowish, fast green FCFy 
hrilliani blue FCFy and indigotine. — Moisten the sulfated ash obtained under 26 
with a few cc of HCl and evaporate to dryness on the steam bath. Warm the residue 
with 20 cc of IICl (1+19) until all soluble material has dissolved, transfer to a 100 
cc volumetric flask, dilute to 100 cc, mix, and filter thru a dry paper. Reserve two 
40 CO aliquots for the determination of Al, Ca, Fe, and Mg. Pour 20 cc of the filtrate 
into a test tube and pass in a washed stream of H 2 S for 30 min. No turbidity other 
than that due to precipitated S should appear. If a colored precipitate is formed, 
filter and teat it for Cu and Sn. 

(b) Yellow AB and yellow OB. — The color of the sulfated ash obtained under 26 
shows whether it is mainly FeaOa or SiOj. In either case fuse it with 1 g of K 2 G 03 
until the .silicates have been decomposed. Moisten the residue with 2 or 3 cc of llCi, 
evaporate to dryness on the steam bath, and treat as directed under (a). If only a 
trace of FciOa or SiOj is present in the original ash, the fusion wuth K 2 COS may be 
omitted. 

28 LEAD it 
(Applicable to all permitted dyes.) 

Place 5 g of the dye in a tall form 500 cc Pyrex beaker, cover with a watch-glass, 
add 15 cc of HNO 3 , and let boil, or heat gently till the rapid evolution of brown 
fumes has ceased. Add 15 cc of H 2 SO 4 and continue the heating. Add small quanti- 
ties (1-2 cc) of IINO 3 at intervals until the organic matter is destroyed and the soin 
is colorless or at most a pale yellow. Continue the heating, with the evolution of 
dense white fumes, until a very small quantity (3-5 cc) of soln remains in the beaker. 
Cool the soln, which should form w+ite or pale yellow crystals, and add 15-20 cc 
of HiO. Re-evaporate the soln thus formed to w+ite fumes, cool, take up in 100 
cc of H 2 O, add 100 cc of 95% ethyl alcohol, and let stand overnight. Filter out 
the precipitate of PbSO^, which may be present in such small quantity aa to 
escape detection with the naked eye, and wash thoroly with 50% ethyl alcohol 
(about 100 cc). Two 9 cm C. S. A S. No. 690 filter papers, or a suitable fritted glass 
crucible, have been found satisfactory for retaining the PbS 04 . 

Place the filter paper in a small beaker, add 20 cc of 40% NH 4 acetate, and heat 
to boiling, breaking up the paper wdth a glass rod. Filter thru an S. & S. No. 590 
9 cm paper, or thru a fritted glass crucible, into a 100 cc colorimeter tube and wash 
with 10% Nil 4 acetate soln until the 50 cc mark is reached. If desired, filter into a 
50 cc volumetric flask and take an aliquot portion to be used in the colorimeter 
tube. Prepare standards containing known quantities of Pb for comparison. To 
these add the same quantity of NII 4 acetate as was used with the sample and dilute 
all tubes to a definite volume with HjO. To each tube add 2 or 3 drops of glacial 
acetic acid and 10 cc of freshly prepared H^S water. Shake the tubes to insure thoro 
mixing and estimate the quantity ofPb by comparison with the standards. Run 
blanks on all reagents used. 

29 IRON, ALUMINUM, CALCIUM, AND MAGNESIUM^ 

(Applicable to all permitted dyes.) 

To one of the two portions reserved under 27, add 5 g of NH 4 CI and neutralize 
with NH 4 OH (1+1), boiling to drive off any excess. If the precipitate is very slight, 
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it may be disregarded; otherwise, filter thru a quantitative paper, wash with II2O 
containing a trace of NH4OH {reserving the filtrate and washings), and ignite paper 
and precipitate in a weighed crucible. Weigh the mixture of FesOa and Al2()3. Place 
the mixed oxides in a 500 cc Erlenmeyer flask and dissolve in aqua regia, boiling to 
drive off Cl. Add H2O to bring the volume to about 75 cc and add NII4OH to in- 
cipient precipitation. Dissolve the precipitate with as little HCl as possible, cool, 
and titrate the ferric iron present with 0.1 jV TiCla soln, 37, using 5 g of NH4CNS 
as indicator. Calculate the Fe as Fe203. To calculate the quantity of AI2O3, deduct 
the weight of ferric oxide from the total wmight of mixed oxides. From the weight 
of the oxide calculate the percentage of metallic Al. Pass a washed stream of H2S 
into the alkaline filtrate from the Fe- and Al-hydroxides. A white precipitate indi- 
cates the presence of Zn. 

To the other reserved portion add 250 cc of H2O to insure a low' concentration of 
Mg, if present. Heat to boiling and add 3.5 g of NH4CI and enough NH4OH soln 
(ld-99) to make the soln barely alkaline. Filter off the precipitated hydroxides of 
Fe and Al. Wash and discard the precipitate. Heat the combined filtrate and wash- 
ings to boiling and add 1 g of Nil 4 oxalate. After cooling and letting stand for an 
hour, filter thru an asbestos mat prepared on a small Witt plate in a glass funnel 
and wash with very little H2O, reserving the combined filtrate and washing.s. Place 
the mat in a beaker, add 100 cc of H2O and 2 cc of II2SO4, heat gently until the Ca 
o.xalate dissolves, and titrate with 0.1 N KMn04 soln. Calculate as metallic Ca. 

Heat to boiling the reserved filtrate and w'ashings and add a >V soln of NaNH4- 
HPO4 until there is no further precipitation. While stirring add about ^ the volume 
of NH4OH (1 +9). Let stand 3 hours, filter thru an ashless paper, and wash with 
NH4OH (1-1-49). Ignite the filter and precipitate in a w'eighed crucible, cool in a 
desiccator, and weigh the Mg2P207. Calculate as metallic Mg. 

ARSENIC 

I. By Direct Precipitation 

30 REAGENTS 

(a) Ammonium hydroxide. — As-free and containing not less than 20% by weight 
of NH,. 

fb) Sodvim phosphate soln. — As-free and containing 100 g of the crystallized salt 
per liter, or an equivalent quantity of H3PO4. 

(c) Magnesia mixture. — .\s-frcc and containing 55 g of hydrated MgfilL, 55 g of 
NH4CI, and 88 cc of NH40H per liter. 

The other reagents and solns used are described under XXIX, 1, and the apparatus 
is described under XXIX, 2. 

31 DETERMINATION 

(a) Amaranth, ponceau SX, naphthol yellow >S, sun.set yellow FCF, iartrazine, 
guinea green B, light green SF yellowish, fast green FCF, and brilliant blue FCF . — 
Dissolve 10 g of the dye in 250 cc of HjO and add 10 cc of strong Rr water. Make 
the mixture alkaline with 1-2 cc of the NH4OH; then add 20 cc of the Na phosphate 
soln and a slight excess of the Mg mixture. (The quantity of Mg mixture used must 
be from 1-5 cc in excess of that required to precipitate the phosphate completely, 
as ascertained previously by experiment.) Add the Mg mixture to the dye mixture 
slowly, stirring the soln during the addition. Add 10 cc of the N 114011 and allow 
the mixture to stand for at least 30 min. Filter thru an 18 cm paper and wash with 
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NH 4 OH (1+9) until practically all dye is removed; then wash with about 5 cc of 
HjO, Allow the filter containing the washed precipitate to drain for 15-30 min. to 
remove most of the adhering liquid. Finally dissolve the Mg-NH 4 phosphate and 
arsenate by pouring 40 cc of arsenic-free HCl (1 +3) over the filter in small portions 
and letting it drain into the generator bottle. Complete the determination as di- 
rected under XXIX, 4, beginning with, "add 5 cc of the KI reagent.” 

(b) Frj/ihrosine. — Dissolve 18 g of the dye in 425 cc of H 2 O and add 5 cc of Br 
water and 20 cc of arsenic-free HCl (1+3). Mix, filter, and treat 250 cc of the 
filtrate (corresponding to 10 g of dye) with the NH 4 OH soln, using a quantity 
sufficient to render it slightly alkaline (about 5 cc). Complete the determination as 
directed under (a), beginning with "then add 20 cc of the Na phosphate soln.” 

32 IT. After Treatment with Nitric Acid 

(a) Amaranth, ponceau 3H, ponceau jSX, er^throsine, orange I, naphthol yellow S, 
sunset yellow FCF, tartrazine, and indigotine. — Place 12.5 g of the powdered dye in 
a 600 cc Pyrex beaker; add 25 cc of the HNO?; and, if the dye tends to form a clot 
or cake, stir the mixture thoroly. Boil for about 5 rnin., add 150-200 cc of H 20 , and 
dilute* the mixture to 250 cc in a volumetric flask. Pour the mixture back into the 
beaker, allow to stand for a few min., and filter thru an 18 cm paper. Treat 200 cc 
of the filtrate (corresponding to 10 g of dye) with the NH 4 OH, using a measured 
quantity sufficient to make the soln slightly alkaline (approximately 25 cc). Com- 
plete the determination as directed under 31(a), beginning with "then add 20 cc of 
the Na phosphate soln.” 

(b) Yellow AB and yellow OB. — In a 400 cc beaker mix thoroly 12.5 g of the 
powdered dye with 200 cc of HNO3 (1+9), heat to boiling for 5 TO min., allow to 
cool, add 25 cc of the strong NH 4 OH, dilute to 250 cc in a volumetric flask, and 
filter. Determine the As in a 200 cc portion of the filtrate (corresponding to 10 g 
of dye) as directed under 31 (a), beginning with "then add 20 cc of the Na phosphate 
soln.” 

33 HI. Ts Total Arsenic 
(Applicable to all permitted dyes.) 

Weigh 10 g of the dye into a 500 cc Kjeldahl flask or tall 500 cc beaker provided 
with a cover. Treat with 15 cc of the H 2 SO 4 and 25 cc of the IINO 3 and digest slowdy 
under a hood until the HNOj has been decomposed or volatilized and the mixture 
turns dark. Cautiously add a few cc of HNO3 to the hot mixture, which will again 
become light yellow' or orange, and heat to charring. Repeat the HNOj treatment 
until the soln no longer show's a tendency to darken and remains yellow or colorless 
when evaporated until SO3 fumes are evolved. Allow the completely digested mix- 
ture to cool, add 200 cc of H 2 O, and make slightly alkaline with NIROH. Determine 
the As in the soln as directed under 31(a), beginning with "then add 20 cc of the 
Na phosphate soln.” The comparatively large quantities of reagents necessary for 
the destruction of the organic matter wall usually contain appreciable quantities of 
As, for w+ich correction must be made by determinations on blanks. 

ETHER EXTRACTIVES 

34 REAOKNT.S 

Washed d/icr.— Wash 1 liter of ether with 3 successive 150 cc portions of H 2 O 
immediately before using. 
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35 DETEBMINATION 

(a) Amaranth, ponceau SR, ponceau SX, orange I, naphthol yellow S, sunset yellow 
FCF, tartrazine, guinea green B, light green SF yellowish, fast green FCF, hrilliant 
blue FCF, and indigotine . — Place in a separatory funnel that volume of a soln that 
contains 10 g of the dye and add HjO, if necessary, to bring the volume to 200 cc, 
and, in the case of indigotine, to 500 cc. Extract with 2 successive 100 cc portions 
of the washed ether, shaking for 1 min. during each extraction. Remove the ether 
by decantation into a clean funnel and rinse the first funnel with 5 cc of ether, de- 
canting into the second funnel. Reserve the color soln. Wash the combined extracts 
with 20 cc portions of HjO until the washings are colorless. Decant the ether into 
a beaker, rinse the funnel with 5 cc of ether, and decant into the same beaker. Place 
the beaker in a dust-free atmosphere, allow the ether to evaporate to a volume of 
50 cc, and transfer to a weighed flat-bottomed 100 cc dish, previously dried to 
constant weight over H2SO4 in a desiccator. Rinse the beaker with 5 cc of ether 
and drain into the same dish. Let the remainder of the ether evaporate and dry 
over H2SO4 to constant weight. The result represents the neutral extract. 

To the reserved color soln, add 2 cc of a 10% NaOH soln and extract and rinse 
with ether. Reserve the color soln. Wash the combined ether extracts and rinsings 
with 20 cc portions of 0.1 A' NaOH soln (l-[-99) until the washings are colorless. 
Evaporate the ether, dry, and weigh. The result represents the alkaline extract. 

To the color soln reserved from the alkaline extraction, add twice the volume of 
HCl (l-t-3) necessary to neutralize. Repeat the previous procedure, but do not 
reserve the color soln. Wash the ether extract with 0.1 N HCl (1 -|-99) until the 
w’ashings are colorless. The result represents the acid extract. 

(b) Enjtkrosine . — Determine as directed under (a), omitting the acid extraction. 
In case of the neutral extraction, wash the combined ether extracts with three 20 
cc portions of 1120. 

36 SULFUR 

Amaranth, ponceau SR, ponceau SX, orange /, naphthol yellow S, sunset yellow 
FCF, tartrazine, guinea green B, light green SF yellowish, fast green FCF, brilliant 
blue FCF, and indigotine . — Place about 0.2 g of the sample in a Parr calorimetric 
bomb and mix thoroly with approximately 10 g of Na202. Add a few mg of S-free 
sugar if necessary to aid in igniting the mass. Close the bomb and ignite. When 
cool, open the bomb, place it in a 600 cc beaker, and cover the beaker with a watch- 
glass. Dissolve the residue by adding warm II^U thru the lip of the beaker until the 
bomb is covered. Acidify the soln cautiously with HCl and filter if necessary. 
Determine the BaSO^ as directed under 24ra), beginning with “heat to boiling, and 
add a slight excess of hot 10% Ba(l2 soln.” Deduct the S equivalent to the Na2SO« 
determined under 24. 


COLOR ACID AND DYE 
I. By Titration with Titanium Trichloride 
37 RE.\OENT 

Standard titanium trichloride soln . — To 200 cc of the commercial 15% 8<jlii of Ti( ‘L, 
add 150 cc of HCd and dilute to 2 liters. Make the soln approximately 0.1 N, place 
in a container with a H atmosphere provision,*’ and allow to stand for 2 days for 
absorption of residual O. 
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38 STANDARDIZATION OP SOLUTION 

Method i . — Prepare a liter of 0.1 S' Fe2(S04)3 by dissolving ingot iron, Bureau of 
SUndurds Sample 55, in 30 cc of [US()4. Dilute to about 400 cc, adding slowly, 
with stirring, a soln of pure KMnDi (3.16 g dissolver] in about 200 ec H2O) until a 
faint but perceptible reddish tint results. The 
last few cc should be added dropwuse. Cool and 
dilute to I liter. Measure 20 cc of the 0.1 N 
Fez (804)3 into a 500 cc flask, pass in. a strong 
stream of CO2, and add the TiCU rapidly until 
near the end point. Add 5 g of pure NH^CNS and 
resume the addition of TiClj carefully until the 
red color just disappears. 

Method //.—Make up a 0.1 S soln of KMnOi 
and standardize carefully, using Na oxalate, 

Bureau of Standards Sample 40, according to 
the directions supplied with the sample. Weigh 
3 g of FeS04(NH4)2S04- 6H2O and transfer to a 
500 cc flask. Introduce a stream of CO2 and add 
50 cc of recently boiled H2O and 25 cc of 40% 

(by weight) H2SO4. Then, without interrupting 
the current of CO2, add rapidly 40 cc of the 
standardized KMn04. Add TKds until near the 
calculated end point. Then add quickly 5 g of 
NHiCNS, and complete the titration. Run a 
blank on 3 g of FeS04{N 114)2804. 6H2O, using 
the same quantities of H2O, acid, NH4CN8, and 
the current of (^Oz. 

39 INDICATOR 

For matiy dyes the TiCb titration end point is 

indicated by a sharp decolorization. For some 
dyes the change is so gradual that an excess of 
TiCb (not more than 0.3 cc of approximately 0.1 
N soln) is required, and a suitable standard soln 
of some other dye must be used for the back 
titration, methylene blue serving wmll for this pur- 
pose. In other cases it is better to use an indicator 
W’hich is reduced after the original d5'e has reacted wdth the TiCb. Thus a known 
quantity of light green SF yellowish serves well for this purpose. 

Prepare a dye soln of such strength that 50 cc will require approximately 20 cc 
of the standard TiCb soln for its reduction. See Table 3. 

40 DETERMINATION 

(a) Amaranth, ponceau SR, and sunset yellow FCF. — Place in a 500 cc Erlen- 
meyer flask a volume of soln that corresponds to 20 cc of 0.1 N TiCb. Add 10 g of 
Na citrate and HtO if necessary to bring the volume to 150 cc. Introduce a stream 
of CO5 and titrate with the standardized TiCb, keeping the CO2 flow continuous 
to the end. 

(b) Orange /, ponceau SX, tarlrazine, guinea green B, light green SF yellowish, fast 
green FCF, brilliant blue FCF, and indigotine, —Vroceed as directed under (a), 



FIG. 22.— APPARATUS FOR TI- 
TRATION \VITH TITANIUM 
TRICHT.ORIDE 
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substituting 15 g of Na acid tartrate for Na citrate and bringing the volume to 
150 cc. 

(c) Kapkthol pellow S . — Proceed as directed under (b), using as indicator that 
volume of light green SF yellowish standardized soln (freshly made) that contains 
10 mg of dye. Run a blank on the tartrate, light green SF yellowish, and H2O. 

T.\blb S.— Quantities of color acids and of pure coal-tar dye equivalent to 1 cc of OA N 
iitnnium trichloride solution 


BVfcl 

UOLIiCUL.^R 

WF.EfiHT OF 

COLOR ACID 

COLOR acid equiv- 
alent TO 1 CC 

0.1 N TiCh 

DVK RQUIVAt.KNT 

TO 1 ccfl.l N 
TiCl. 

Amaranth 

538.4 

0.01346 

0.01511 

Ponceau 3R 

450.4 

.01126 

.01236 

Ponceau SX 

436 . 3 

.010907 

.012006 

Orange I 

328 . 3 

.008207 

. 008756 

Naphthol yellow 8 

314.2 

.002618 

.002985 

Sunset yellow FCF 

i 408 . 3 

.010206 

.011305 

Tartrazine 

i 468.3 

.01171 

.01336 

Guinea green B 

668.5 

.03342 i 

.03453 

Light green SF vellowish 

i 748.7 

.03743 

.03963 

Fast green FCF 

764 . 5 

.03822 

.040423 

Brilliant blue FCF 

748,0 

.03743 

.03963 

Indigotine 

422.3 

.02112 

.02332 


41 By PrecipitaiioJi-^ 

Erythrosine , — To that volume of H2O soln of the sample that contains 0.25 g 
of dye, ad<l, if necessary, sufficient H2O to bring the volume to 100 cc. Then add 
5 cc of HXO3 of approximately 0.6 S strength and filter thru a weighed Gooch cru- 
cible. Wash thoroly with 0.5% HXOj and finally with not more than 10 cc of HjO. 
Do not allow the precipitate to cake in the crucible until the washing has been 
completed. Dry to constant weight at 135°. 

PURE COAL TAR DYE 

42 I . By Direct Titration ivitk ^Standard Titaniuyn Trichloride Solution 

Yellow AB and yellow OB . — Dissolve 15 g of N^a acid tartrate in 100 cc of HjO 
and add 0.1 g of dye dissolved in 100 cc of 95% alcohol. Titrate with the standard 
TiClj soln, 37, under COj, using as an indicator 10 mg of light green SF yellowish 
from a fresh standardized soln, as directed under 40(c). Run a blank as directed 
under 40(c), including also the 100 cc of 95% alcohol. 1 cc of 0. 1 N TiCb =0.006180 
g of yellow AB and 0.006530 g of yellow OB. Calculate the percentage of pure dye. 

43 //. By Precipitation 

Erythrosine . — -Multiply the percentage of color acid obtained under 41 by the 
factor 1.074. 

44 in. By Titration with Potassium Permanganate 

Indigoiine . — Take that volume of a freshly made HjO soln of the dye that con- 
tains 0.04 g of dye and dilute, if necessary, to 400 cc. Add 2 cc of H2SO4 and titrate 
against approximately 0.02 N standard KMnO^ soln. The end point is shown by 
the production of a clear yellow color. The titer of the standard soln must be fixed 
by titration against a freshly made soln of indigotine of known purity, and the same 
conditions of concentration and acidity must be maintained. 
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43 MATTER INSOLUBLE IN CARBON TETRACHLORIDE 

Yellow AB and yellow OB . — In a 100 cc beaker mix 5 g of the dye with 50 cc of 
CCI4, stir, and heat to boiling. Wash a Gooch crucible prepared as directed under 
19 with ecu and heat at 100-105“ to constant weight. Filter the hot dye soln thru 
the crucible, transferring to it the residue in the beaker, and wash with five 10 cc 
portions of CCU. Dry at 100-115° and weigh. 

46 WATER EXTRACTIVES AND DYE INTERMEDUTES 

Yellow AB and yellow OB.— Place 10 g of the well-pow'dered dye in a 500 cc 
separatory funnel, add 100 cc of benzene, stopper, and mix until dissolved. Extract 
with two 100 cc portions of H 2 O, and evaporate 100 cc of the extract in a weighed 
Pt or crystallizing dish on the steam bath. Dry in an oven at 100-105°, cool, and 
weigh. The result represents the neutral extractive. Test small portions of the re- 
mainder of the filtrate for chlorides, sulfates, and nitrates. If more than traces are 
present, make the proper analyses on aliquot portions of the filtrate. 

MELTING POINT 

Yellow AB and yellow OB . — 

47 AerAUATUS 

The apparatus, Fig. 23, consists of a tube about 15 cm 
long and 3.6 cm in internal diameter, with a bulb of 5 cm 
internal diameter. Fill wuth glycerol to about the height 
indicated. Fit the tube with a cork stopper carrying a glass 
tube (X), 5 mm in diameter, which reaches nearly to the 
bottom of the bath; an ordinary test tube (B) in \vhich a 
thermometer (C) is suspended by means of a rubber stop- 
per in such a manner that the Hg column is wholly within 
the tube and the Hg bulb equidistant from its w'alls; a long 
stemmed thermometer (D), supported so as to reach a 
short distance below the tube (B); and an outlet tube 
(E) to permit the escape of air and vapor. 

48 determination 

To a capillary tube of 1 mm or smaller internal diame- 
ter, sealed at one end, transfer a small portion of the 
sample by inserting into the sample the open end of the 
capillary, removing, inverting, and gently tapping until 
the well packed substance fills the bottom of the tube to a 
height of 2-4 mm. Attach the capillary tube to the ther- 
mometer (C) by means of a small rubber band, so that 
the sample is placed at about the middle of the Hg bulb. 

Replace the thermometer in the tube, connect the tube A 
to the air blast, and force a fairly rapid stream of air bub- 
bles thru the bath. Raise the temp, of the bath rapidly to 
within 5° of the ai)proximate melting point of the sample. 

Keep the temp, constant until the thermometer reading is within 1° of that of the 
bath. Then raise the temp, slowly until the melting point is observed. On approach- 
ing within 0.5° of the melting point, the substance darkens; the true melting point 
is indicated by the formation of a meniscus on the upper surface. When this con- 



FIG. 23.— APPARATUS 
FOR DETERMINATION 
OP MELTING POINT 
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dition is observed, hold the temp, as nearly constant as possible until the whole 
of the sample has liquefied. 

LOWER SULFONATED DYES 

49 REAGENT 

Salt acetate soln. — Dissolve 125 g of NaCl in HsO, add 12 cc of glacial acetic acid 
and a soln of 13.6 g of Xa acetate, and dilute to 500 cc. 

50 PREPARATION OF SOLUTION 

(a) Amaranth^ ponceau SR, ponceau SX, sunset yellou' FCF, tartrazine, and indigo- 
tine , — Prepare a water soln of such strength that 50 ce will contain 0.2 g of the dye. 

(b) Light green SF yellouish, fast green FCF, and brilliant blue F C F .—VrepfiTQ a 
water soln of such strength that 10 cc will contain 0.1 g of the dye. 

51 DETERMINATION 

(a) Amaranth and tartrazine. — To 50 cc of the prepared soln, 50(a), add 1 cc of 
HCl. Extract the lower sulfonated dye by shaking the soln successively in 3 sep- 
aratory funnels, each containing 50 cc of am)”! alcohol. Wash the amyl alcohol ex- 
tracts by shaking successively with three 50 cc portions of 0.25 N HCl until the 
washings are practically colorless. Dilute the amyl alcohol in each funnel with 100 
cc portions of gasoline (sp. gr. 0.65), and remove the lower sulfonated dye by wash- 
ing with several 10 cc volumes of H 2 O, passing each portion thru the 3 funnels in 
an order the reverse of that previously followed. 

Determine the dye in the water extract by titration against standard TiCb soln, 
37, using 15 g of Xa acid tartrate, and having a volume of 100 cc. Run a blank de- 
termination on all reagents, using 1 mg of the dye concerned. Calculate the result 
to percentage of fast red E in amaranth and to fast yellow G in tartrazine. 1 cc of 
0.1 A' TiCls soln =0.01256 g of fast red E and 0.01081 g of fast yellow G. If the 
quantity of dye is very low’, it may be determined colorimetrically, amaranth or 
tartrazine, as appropriate, being used as standard. 

(b) Ponceau SX and sunset yellow FCF. — Proceed as directed under (a), substi- 
tuting 5% salt soln for 0.25 X HCl, and determine the quantity of dye colorimetri- 
cally by comparison with a standard soln of the dye. 

(c) Ponceau SR, — Proceed as directed under (a), substituting a mixture of equal 
volumes of amyl alcohol and gasoline (sp. gr. 0.65) in place of the amyl alcohol and 
running the blank with 1 mg of ponceau 3R. Calculate the result to percentage of 
Xa trimethyl benzene-azo-/3-naphthol sulfonate, using the factor 0.009807. 

(d) Indigoline. — Proceed as directed under (a), substituting 0.25 cc of acid for 
1 cc, washing w'ith 0.0625 N instead of 0.25 A" acid, and running the blank with 1 mg 
of indigotine. Calculate the result to percentage of Na indigo monosulfonate, using 
the factor 0.01821. 

(e) Light green SF yellouish, fast green FCF^ and brilliant blue FCF. — To 10 cc 
of the prepared dye soln, 50(b), add 40 cc of the salt acetate soln and extract suc- 
cessively in 3 .separatory funnels, each containing 100 cc of amyl alcohol. Wash the 
extracts with 100 cc portions of the salt acetate soln, passing each wash portion 
successively thru the 3 funnels in the order used for the original extractions. Remove 
the dye from the alcohol as directed under (a) and determine colorimetrically by 
comparison with a standard guinea green B soln of approximately the same strength 
for light green SF yellowish, by comparison with a standard soln of fast green FCF 
and brilliant blue FCF for subsidiary dyes in the latter. Report as percentage of 
guinea green B in light green SF yellowish and subsidiary dye in fast green FCF or 
brilliant blue FCF. 
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52 BOILING RANGE OF 't CUMIDINE FROM PONCEAU 3R 

(a) Dissolve 60 g of the dye in a 600-700 cc beaker with about 450 cc of boiling 
H2O, and add the hot soln very slowly to a warm (60-80®) soln of 100 g of SnClj in 
100 cc of HCl in a tall liter beaker. Add the dye soln in 10-20 cc portions, waiting 
after each addition until the mixture is a pale brown; otherwise the dye will be 
precipitated, in which case it can be reduced only with difficulty. As reduction pro- 
ceeds and the soln becomes more dilute, heat to boiling, taking care that the mixture 
does not boil over after each addition of dye, as some heat is generated by the re- 
action. After all the dye has been added and reduced, allow the mixture to cool, and 
make alkaline by the addition of about 75 g of NaOH dissolved in 150-200 cc of 
IIjO. 

Cool the alkaline mixture and extract the cumidine by shaking it with three 200 
cc portions of ether. Combine the ether extracts thus obtained and wash with HjO 
until the alkali and salts are removed. Evaporate the solvent on the steam bath, 
but avoid such prolonged heating as may tend to volatilize the base. Transfer the 
residue of crude cumidine to a small side-necked flask and distil it, carefully avoid- 
ing overheating. Observe the range within which the substance volatilizes. 

(b) Proceed as directed under (a) to the directions for the extraction with ether. 
Then steam distil the alkaline mixture until no more oil is carried over. Separate the 
oil layer and extract the H2O layer with two 150 cc portions of ether. Add the ex- 
tracts to the oil layer and wash the mixture with successive 10 cc portions of HjO 
until the alkali and salts are removed. Evaporate the solvent and complete the 
determination as directed under (a). 

53 ISOMERIC AND SIMILAR DYES IN AMARANTH 

Take a volume of an HjO soln of the sample that contains 0.1 g of the dye and 
dilute, if necessary, to 40 cc with H2O. Add 10 cc of 0.1 N benzidine soln (9.2 g of 
base per liter in 0.5 N HCl), mix well, and allow to stand exactly 2 min. Filter thru 
a fluted paper and dilute 10 cc of the filtrate to 100 cc. Compare this soln colori- 
metrically with a standard amaranth soln containing 0.4 mg of the dye per 100 cc. 
The soln of the amaranth to be tested may be used in making the standard soln. If, 
after the benzidine treatment, the soln obtained is not more intensely colored than 
the standard soln, the proportion of isomeric dyes may be considered to be below 
1.5%. 

54 SODIUM IODIDE 

Enjthrosine . — Dilute to approximately 400 cc that volume of an H2O soln of the 
sample that contains 5 g of the dye and add a mixture of 2 cc of HNO3 and 10-20 
cc of HjO. Dilute to exactly 500 cc, mix, and filter thru a dry paper. Place 200 cc 
of the filtrate in a porcelain casserole and make slightly alkaline with 10% NaOH 
soln. Add approximately 20 cc of 7% KMnOt soln, mix, and add 10 cc of HNOj. 
Place on a steam bath and evaporate to dryness. Add 5 cc of 7% KMnO* and 5 cc 
of IINOj and again evaporate to dryness. Then add approximately 50 cc of H2O, 
5 cc of HNOs, and 25-30 cc of a saturated soln of SO2. Stir frequently, breaking up 
any lumps, until the hydrated oxide of Mn has dissolved. Filter, wash the paper 
with H2O, add to the combined filtrate and washings an excess of 10% AgNOs soln, 
and boil until the SO? has been expelled. Collect the precipitate on a vreighed Gooch 
crucible, wash with hot H2O, dry, and weigh. Calculate as percentage of Nal. 

55 IODINE ORGANICALLY COMBINED 

Erythrosinc.—Vhoo in a porcelain casserole that volume of an H2O soln of the 
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sample that contains 0.3-0.4 g of the dye. Add 5 cc of a 10% NaOH soln and 35 cc 
of a 7% soln of pure KMnO*, and mix. Partially cover the vessel with a watch-glass 
and add 10 cc of HNO3. Place on the steam bath and keep covered until spattering 
ceases; remove the watch-glass and allow evaporation to proceed to dryness, taking 
care to prevent access of reducing gases or vapors to the mixture. Treat the residue 
with 5 cc of 7% KMnO< and 5 cc of HNO3 and again evaporate to dryness. Add 
approximately 50 cc of H2O, 5 cc of HNOj, and 40 cc of a saturated soln of SO2, 
and let stand with occasional stirring (breaking up the lumps vvuth a glass rod) until 
the hydrated oxide of Mn has dissolved. 

Filter, wash the paper thoroly with H2O, add an excess of 10% AgNOs to the 
combined filtrate and washings, and boil until SO2 has been expelled and the Agl 
has flocculated. Collect the precipitate on a w^eighed Gooch crucible, wash with hot 
HjO, dry, and weigh. Calculate as percentage of free I and from the result subtract 
the percentage of the I found as Nal, 54. This result is the I organically combined. 

56 TOTAL HALOGENS 

Erythrosine.—'Slix 0.5-1 g of the dye with 4 g of K2CO3 and moisten to a paste 
with 50% alcohol. Dry, cover with a layer of dry K2C03, and ignite at a low red 
heat. Allow to cool, moisten with a few drops of H2O, and break up the charred 
mass thoroly. Wash into a beaker with about 20 cc of HjO, allow to digest for 15 
min., and filter. Wash the insoluble matter until the washings no longer react with 
AgNOs; then acidify the filtrate and washings with HNO3, using an excess equiva- 
lent to 5 cc of the strong acid, and precipitate the halogens with 10% AgNOa soln. 
Collect the precipitate on a weighed Gooch crucible, wash, dry, and weigh. Compare 
with the sum of the results obtained in the separate halogen determinations. 

57 SODIUM CARBONATE 

Erythrosine . — Determine total CO 2 as directed under XVII, 4, using a 10 g sample. 
Calculate and report as Na2C03. 

58 ORANGE II IN ORANGE I 

I'o a volume of an H<iO soln of tlie sample that contains \ g of dye add WiO, \f 
necessary, to bring the volume to 100 cc, and 10 cc of UCl. Extract this soln by 
shaking successively in three .500 cc separatory funnels, each containing 100 cc of 
amyl alcohol and 5 cc of HCl. Wash each of the 3 amyl alcohol extracts by means 
of six 100 cc portions of .V Na2C03 soln 153 g of anhydrou.s Xa2(X)3 to the liter), 
passed successively thru the funnels in the order first used. In washing the acidified 
amyl alcohol solns, shake gently at first, keeping the funnel upright and unstoppered 
until the evolution of CO2 is slow enough to permit more vigorous .shaking. In the 
same manner wash the extracts in the second and third funnels with 2 more 100 cc 
portions of the Xa2C03 soln and wash the extract in the third funnel with 2 addi- 
tional portions of the carbonate soln. Dilute the amyl alcohol solns by adding 350 
cc of gasoline fsp. gr. 0.05) to each funnel. Remove the dye by extracting completely 
with the requisite number of 10 cc portions of H3O passed thru the funnels, revers- 
ing the order previously used. Bring the volume to 100 or 150 cc by adding IliO; 
add about 10 g of Na acid tartrate an<l titrate with standard Til'li soln, 37. 1 cc of 
0.1 XTiCU = 0.008756gof orange 11. 

59 MARTIUS YELLOW IN NAPHTHOL YELLOW S 

Dissolve 5 g of the dye in 150 cc of HjO, add 5 cc of HGl, and shake vigorously in 
a Separatory funnel for 1 min. with 50 cc of gasoline fsp. gr. 0.65). Separate the solus 
and extract the aqueous liquid again with 25-30 cc of the solvent. Combine the 
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portions of gasoline, decant into a clean separatory funnel, and wash with four 25 cc 
portions of 0.25 N HCl. Remove the martins yellow by shaking with a few portions 
of 5% NaOlI soln. Neutralize the alkaline dye soln with tartaric acid, add Na tar- 
trate, if necessary, and titrate against standard TiCb soln as directed under 40(c). 

1 cc of O.l N TiCU — 0.002134 g of martius yellow. 

Very small quantities {less than 0.1%) may also be determined colorimetrically 
(in neutral or slightly alkaline soln) by comparison with a standard naphthol yellow 
S soln, the tinctorial power of which is considered to be 8/10 that of martius yellow. 

TARTRAZINE AND AMARANTH^* 

60 reagents 

(a) Stannous chloride. — 40%. Add 40 g of SnCU to sufficient HCl to make 100 cc. 

(b) Ammonia sodium chloride . — To 12.5 g of Nad and 20 cc of NH4OH add suffi- 
cient H 2 O to make 500 cc. 

(c) Starch iodide paper . — Triturate 10 parts of starch and 200 parts of 1120, bring 
to a boil, and add 1 part of KI. Impregnate strips of white filter paper with this 
soln, dry, and preserve in glass-stoppered bottles. 

61 DETERMINATION 

Prepare a 1 % soln of the mixed dyes. Determine the total color as directed in 40 
by titrating definite volumes with 0.1 iV TiCb, using sodium citrate as a buffer. 

A convenient charge (about 0.2 g of color) requires about 10 cc of the standard 
TiCh, 37. Make (leterminations in duplicate. 

Pipet a definite volume (20 cc if product is pure color) of the dye soln into 250 
cc centrifuge bottles and adjust to a volume of 50 cc with H 2 O. Carefully add exactly 
4 cc of the SnCU soln, mix well, and permit to stand, preferably overnight at room 
temp, (not below 20°). The following day place the bottles in a water Viath pre- 
viously heated to 50-60°, and maintain the contents of the bottles at that temp, 
for 5 min. (Since the reduction operation has an important bearing upon the results, 
the above directions must be observed closely.) Remove the bottles from the hath 
and permit to cool to room temp. (The reduced solns should be colorless or a very 
faint yellow.) Add exactly 5 cc of ammonia and mix with the contents, which should 
become slightly alkaline to litmus paper. Centrifuge, and decant thru a 15 cm 
quantitative filter into a 400 cc beaker surrounded by ice H 2 O. Into the beaker 
measure 15 cc of HOI and 0.2 cc of 10% CuSO«, soln. Wash the residue in the bottles 
thrice with 50 cc portions of the ammonia sodium chloride soln, mix well, centrifuge 
each time, and decant thru the filter. (The total filtrate in the beaker should now 
measure aboiit 200 cc.) Cool the contents of the beaker to 5° and add slowly 1 cc of 
10% NaN02 soln. Keep the temp, between 5 and 8° for 2 hours, testing with the 
starch iodide paper at intervals of about every 30 min. (There should be an excess 
of nitrous aciti at tlie end of this period. Under ordinary conditions the quantity of 
NaNOa stated is found sufficient.) Add 12 cc of 1% dilute alcoholic |8 naphthol soln 
to 100 cc of 2 N NajCOj in a liter beaker and cool to 15°. Into the naphthol soln 
pour gradually the diazo soln, stirring vigorously. Rinse the beaker with some of 
the dye soln and lastly rinse with 25 cc of alcohol and add to the dye soln. Heat the 
contents of the beaker over a steam bath, maintaining a temp, of about 70° for 
1 hour, cool, and allow to stand overnight at room temp. 

Use six separatory funnels of 250 cc capacity. Measure into each 50 cc of amyl 
alcohol. Add to the first funnel 50 cc of the alkaline dye soln. Shake vigorously and 
wait until a sharp separation has occurred j draw off the lower layer and pass suc- 
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cessively thru the other 5 funnels, and lastly discard the lower layer. Repeat the 
procedure with 50 cc portions until the entire dye soln is extracted. Rinse the beaker 
with 5-50 cc portions of 0.25 N H(^l, passing them individually thru the amyl al- 
cohol extracts, and later discarding. Dilute each amyl alcohol extract with 100 cc 
of petroleum ether and extract out the orange dye with 100 cc portions of 1/128 N 
HCI, shaking vigorously and passing the lower extracts thru the entire series of 
funnels. Collect the extracts containing the orange II in a liter casserole. Continue 
washing the amyl alcohol until all orange color is removed. (It will be noted that the 
first funnel will readily give up the orange dye inasmuch as the red is not readily 
washed out at that acid concentration.) Continue the acid extraction until each 
funnel will yield no more orange color. 

In the presence of a large amount of red color, wash the last dilute acid extract 
with a mixture of amyl alcohol and petroleum ether (1:2) in order to remove any 
red dye which may have been extracted. Add an excess of ammonia (10 cc) to the 
casserole containing the orange color, and evaporate carefully to dryness on the 
steam bath, avoiding spattering. Dissolve the coloring matter from the casserole 
with four 25 cc portions of hot H 2 O and transfer to a 300 cc Erlenmcyer flask. Rinse 
the casserole with 10 cc of alcohol and add to flask; then add 10 g of sodium bi- 
tartrate and also 1 drop of 2% light green SF yellowish soln (indicator). Boil vigor- 
ously, pass in a rapid stream of CO 2 , and titrate with standard TiCh soln, 37, until 
the green color is visible. Note reading and add another drop of the standard soln, 
whereupon the green color should be destroyed. 

The number of cc of standard TiCh solution required to reduce the orange II = 
the quantity of tartrazine originally present. 1 cc of 0.1 A TiCh =0.01330 g of tar- 
trazine. 

Subtract the above titration from the original total color titer. The difference is 
the volume necessary to reduce the amaranth originally present. 1 cc, of O.l .V 
TiClj = 0.01511 g of amaranth. 


Table 4 .- Percentage of sulfur, niirogen and sodium in permitted food dyes 






SODIUM SULFATE 

DYE 

8ULFCTR 

nitrogen 

.SODIUM 

CORRESPONDING 





TENT 


per cent 

])tr cent 

per cent 

per cent 

Amaranth 

15.91 

4.64 

11.41 

35.23 

Ponceau 3R 

12.97 

5,66 

9.30 

28.71 

Ponceau SX 

13.35 

5.83 

9.57 

29.55 




5.12 i 

15.81 

Orange I 

9. 1.5 

8.00 

6.57 

20.28 

Xaphthol yellow S 

8.95 

7.82 

12.84 

39.64 

Sunset yellow FCF 

14.18 

0.19 ' 

10.17 

31.40 

Tartrazine: 





Trisodium salt 

12.00 1 

10.49 ! 

12.91 

39.85 

Disodium salt 

12.52 1 

10.94 

8.98 

27.72 

Guinea green W 

9.29 

4.00 i 

3.33 

10.28 

Light green SF yellowish:^ 





Disodiura salt 

12.13 


5.80 

17.90 

Monosodium salt ■ 

12.48 

3.64 

2.98 

9.20 

Fast green FCF 

11.89 

3.46 

5.69 

17.57 

Brilliant blue JCF 

i 12.13 

3.53 

5.80 

17.91 

Indigotine 

13.75 

i 6.01 

9.86 

30.42 

Yellow AB 


' 17.00 



Yellow OB 


16.09 









‘ There 18 evidence that tbedUodium salt of guinea green B and the trisodium salt of light green SF yellowish form colorless 
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(a) Guinea green B, light green SF yellowish, fast green FCF, brilliant blue FCF, 
and indigotine. — Proceed as directed under II, 22> using 2 g of the sample and a little 
CuSO* to assist the oxidation. 

(b) Amaranth, ponceau 3R, ponceau SX, orange I, sunset yellov) FCF, tartrazine, 
Yellow AB, and yellow OB. — Treat 2 g of the dye with 25 cc of a saturated soln of 
SO 2 and 1 g of Zn dust, and warm the mixture gently until it becomes colorless (2-3 
rain.); if it does not become colorless, add more SO 2 soln in small portions at a time 
until the color is destroyed. Then add 30 cc of H 2 S 04 and 0.7 g of HgO or its equiva- 
lent of metallic Ilg and digest the mixture. Finally make alkaline, distil, and titrate 
as directed under II, 19, 22, or 24. 
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XXII. DAIRY PRODUCTS 

MILK 

1 COLLECTION OF SAMPLE— OFFICIAL 

The quantity of sample required depends upon the number of determinations to 
be made. For the usual analysis collect 250-500 cc pint) of sample; for the fat 
determination only, 50-60 cc (approximately 2 fl. oz.) will suffice. 

In the case of bottled milk collect one or more bottles as prepared for sale. In 
sampling bulk milk thoroly mix by pouring from one clean vessel into another 3 or 4 
times. If this procedure is impracticable, thoroly stir the milk for at least 30 seconds 
with a suitable appliance long enough to reach to the bottom of the container. If 
cream has formed on the milk, continue the mixing until all cream is detached from 
the sides of the vessel and evenly emulsified thruout the liquid. 

Place the samples in non-absorbent, air-tight containers and keep them in the 
cold, but at a temp, above freezing, until ready for examination. When transported 
by mail, express, or otherwise, completely fill the containers, tightly stopper, and 
mark for identification. A suitable quantity of preservative (HgC^h, K 2 Cr 207 , or 
HCHO) may be used unless the presence of the preservative is objectionable in 
connection with physical or chemical tests to be applied in addition to the deter- 
mination of fat. 

2 PREPARATION OF SAMPLE— OFFICIAL 

Before withdrawing portions for analytical determinations, bring the sample to a 
temp, of 15-20° and mix thoroly by pouring into a clean receptacle and back until 
a homogeneous mixture is assured. If lumps of cream do not completely disappear, 
warm the sample to about 38°, mix thoroly, then cool to 15-20°. In case a measured 
volume is required in a determination, bring the temp, of the sample to 20° before 
pipetting. 

3 SPECIFIC GRAVITY— TENTATIVE 

Determine specific gravity at 20/20° by means of a pycnometer, XIV, 3, or by 
means of a standardized hydrometer. 

4 ACIDITY— TENTATIVE 

Dilute 10-20 cc of the milk with an equal volume of C02--free HjO and titrate with 
standard NaOH soln, using phenolphthalein indicator. Express the result as per- 
centage of lactic acid. The determination may be conveniently made by measuring 
17.6 cc of the prepared sample with the 17.6 cc Babcock pipet, 20(b), diluting with 
an equal volume of COa-free H 2 O, washing out the pipet with COj-free H 2 O, and 
titrating with 0.1 N NaOH soln, using 0.5 cc of phenolphthalein indicator. Number 
of cc of 0.1 N NaOlI soln required -t- 20 =the percentage of lactic acid. 

CITRIC ACIDI— TENTATIVE 

5 PKEPAR.\TION OP SA.MPLE 

To 50 g of milk or 0 g of dry milk plus 44 cc of HzO in a 150 cc beaker, add about 
100 n^of tartaric acid and 6 cc of normal H 2 S 04 and place on the steam bath for 
15 min. Immediately add 3 cc of a 20% phosphotungstic acid soln, mix well, and 
return to the steam bath for 5 min. Transfer to a 250 cc volumetric flask with 95% 
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alcohol, cool, dilute to the mark with the alcohol, mix, and filter thru a folded paper. 
Pipet 200 cc of the clear filtrate into a centrifuge bottle. 


6 REAGENTS 

Use the reagents specified under XXVI, 30. 


7 


DETERMINATION 


To the soln in the centrifuge bottle, add 10 cc of the Pb acetate soln, shake vigor- 
ously for about 2 min., and centrifuge at about 1000 r.p.m. for 15 min. Carefully 
decant the supernatant liquid from the precipitated Pb salts and test with a small 
quantity of the Pb soln. If a precipitate forms, return to the centrifuge bottle, add 
more Pb soln, shake, and again centrifuge. If the sediment lifts, repeat the centri- 
fuging, increasing the speed and time. Allow the bottle to drain thoroly by inverting 
it for several min. To the Pb salts in the centrifuge bottle add about 150 cc of H 2 O, 
shake thoroly, and pass in HjR to saturation. Transfer to a 250 cc volumetric flask, 
dilute with HjO to mark, mix, and filter thru a folded paper. 

From this point proceed as directed under XXVI, 31, beginning ‘‘Pipet 200 cc 
of the filtrate into a 500 cc Erlenmeyer flask and evaporate to 75 cc.” 

Calculate the mg of citric acid in the portion taken for analysis by the following 
formula; 


1.05(0.424P-h0.017A’) 

— 


, or 1 .64(0.424P +0 .0175), in which 


X =mg. of citric acid in the portion taken for analysis, 
P = weight of pentabromacetone in milligrams; and 
5 = volume of filtrate (cc). 


8 TOTAL SOLIDS— OFFICIAL 

Weigh a flat-bottomed dish of not less than 5 cm diameter. If desired, the dish 
may have spread in it, prior to weighing, 15-20 g of pure dry sand. Pipet into the 
dish 3-5 cc of the sample, weigh quickly, and heat at the temp, of boiling H 2 O until 
it ceases to lose weight. Cool in a desiccator and weigh quickly to avoid the absorp- 
tion of moisture. Report the increase in weight as total solids. 

9 ASH— OFFICIAL 

Into a weighed dish pipet about 20 cc of the prepared sample, weigh quickly, add 
6 cc of HNOj, evaporate to dryness, and ignite at a temp, below redness until the 
ash is free from C. Cool in a desiccator, weigh, and report the increase in weight 
as ash. 

10 TOTAL NITROGEN— OFFICIAL 

Transfer 5 g of the sample to a Kjeldahl digestion flask and proceed as directed 
under II, 21, 23, or 25. The percentage of NX6.38 = percentage of N compounds. 

CASEIN 

(This determination should be made w'hile the milk is fresh, or nearly so. If it 
is not possible to make this determination within 24 hours, add 1 part of HCHO 
to 2500 parts of milk and keep in a cool place.) 

11 Method I. — Official 

Place 10 g of the sample in a beaker with 90 cc of HjO at 40-42“*, and add at once 
1.6 cc of acetic acid (1 +9). Stir, and let stand 3-5 min. Decant on a filter, wash by 
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decantation 2 or 3 times with cold H 2 O, and transfer the precipitate to the filter. 
Wash once or twice on the filter. (The filtrate should be clear, or very nearly so.) 
If the first portions of the filtrate are not clear, repeat the filtration, and complete 
the washing of the precipitate. Determine N in the washed precipitate and filter 
paper as directed under II, 21, 23, or 2S, and multiply by 6.38 to obtain the equiva- 
lent of casein. 

To a sample of milk that has been preserved, the acetic acid should be added in 
small portions, a few drops at a time, with stirring, and the addition should be con- 
tinued until the liquid above the precipitate becomes clear, or very nearly so. 

Method II} — Tentative 

12 REAGENT 

Pipet 250 ce of normal acetic acid into a 1000 cc flask. Add 125 cc of normal CO 2 - 
free NaOH. Make up to 1000 cc with COa-free H 2 O and mix thoroly. 

13 DETERMINATION 

Pipet 20 cc of the sample into a 100 cc flask. Add 50 cc of the reagent, mix, make 
up to volume with H.O, and shake well. Set the flask in hot H 2 O (50-60°, not 
over 60°) and let stand 15 min. Cool to room temp., add 0.5 g of celite analytical 
filter aid, shake thoroly, and filter clear thru a suitable folded paper, taking care to 
prevent evaporation during filtration. Determine N (A) in 50 cc of the clear filtrate, 
and determine total N (B) in 10 cc of the milk. (B — A) X6.38 — the casein in 10 cc 
of the milk. Report grams of casein per 100 cc of milk, or divide the grams per 100 
cc by the density of the milk and report as percentage l)y weight. 

ALBUMIN 

14 Method I. — Official 

Exactly neutralize the filtrate obtained under II with 10% NaOH soln, add 0.3 
cc of acetic acid (1+9), and heat on a steam bath until the albumin is completely 
precipitated. Collect the precipitate on a filter; wash with cold HjO; determine the N 
as directed under II, 21, 23, or 25, and multiply by 6.38 to obtain the equivalent 
of albumin. 

LACTOSE 

Optical Method — Offiicial 

15 RE.\f;ENTS 

('a) Acid viercitric nitrate .so/n. — Dissolve Hg in twice its weight of HNOj and 
dilute with an equal volume of H 2 O. 

fb) Mercuric iodide eoln} — Dissolve 33.2 g of Kl and 13.5 g of HgCD in 200 cc 
of glacial acetic acid and 640 cc of HiO. 

16 DETERMINATION 

Determine the specific gravity of the milk as directed under 3. The quantity of 
sample to be taken for the determination varies with the specific gravity and is to 
be measured at the same temp, at which the specific gravity is taken. The volume 
to be measured will be found in the table, 17, which is based upon twice the normal 
weight of lactose (32.9 g per 100 cc) for the Ventzke sugar scale. 

Place the quantity of milk indicated under 17 in a flask graduated at 102.6 cc. 
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Add 1 cc of the acid Hg(N 03)2 soln or 30 cc of the Hgh soln (an excess of these re- 
agents does no harm)> fill to the mark, shake frequently for at least 15 min., filter 
thru a dry filter, and polarize. It is not necessary to heat before polarizing. If a 
200 mm tube is used, divide the polariscope reading by 2 (or, if a 400 mm tube is 
used, by 4) to obtain the percentage of lactose in the sample. 


17 Volumes of milk corresponding to a lactose double normal weight^ 


ttPECIFIC GRAVrrif 

OF MILK 

VOLUME OF MILK FOK 

A lactose double 
normal weight 
CVENTZKE scale) 

SPECIFIC gravitv 

OF MILK 

VOLUME OF MILK POH A 
LACTOBB DOUBLE 
NORMAL WEIGHT 

(vbntzke scale) 

1.024 

CC 

64.25 

1.030 

CC 

63.90 

1.025 

64.20 

1.031 

63.80 

1.026 

64.15 

1.032 

63.75 

1,027 

64.05 

1.033 

63.70 

1.028 ■ 

64.00 

1.034 

63.65 

1.029 

63.95 

1.035 

63.55 



1.036 

63.50 


18 Gravimetric Method — Official 

Dilute 25 g of the sample with 400 cc of H 2 O in a 500 cc volumetric flask and add 
10 cc of CUSO 4 soln, XXXIV, 31(a), and about 7.5 cc of a KOH soln of such strength 
that 1 volume is just sufficient to precipitate completely the Cu as hydroxide from 
1 volume of the CUSO 4 soln. (Instead, 8.8 cc of 0.5 N NaOH soln may be used.) 
After the addition of the alkali soln, the mixture must still have an acid reaction 
and contain Cu in soln. Fill the flask to the 500 cc mark, mix, filter thru a dry filter, 
and determine lactose in an aliquot of the filtrate as directed under XXXIV, 57. 

FAT 

19 Roese-Gottlieh Method^ — Official 

Transfer 10 g of the sample to a Rohrig tube or a similar apparatus, add 1.25 cc 
of NH4OH (2 cc if the sample is sour) and mix thoroly. Add 10 cc of 95% alcohol 
and mix well. Add 25 cc of ether, shake vigorously for 30 seconds, add 25 cc of 
petroleum ether (redistilled slowly at a temp, below 65°), and shake again for 30 
seconds, bet stand 20 min., or until the upper liquid is practically clear. Draw off 
into a flask thru a small, quick-acting filter as much as possible of the ether-fat soln 
(usually 0.5-0.8 cc will be left). Again extract the liquid remaining in the tube, this 
time with 15 cc of each ether; shake vigorously 30 seconds after each addition; and 
allow to settle. Draw off the clear soln thru the small filter into the same flask as 
before and wash the tip of the spigot, the funnel, and the filter with a few^ cc of a 
mixture of the two ethers, in equal parts, free from suspended II 2 O. To insure com- 
plete removal of the fat, a third extraction is necessary. This third extraction yields 
less than 1 mg of fat if the previous ether-fat solns have been drawn off closely. Add 
a glass bead and evaporate the ethers slowly on a steam bath; then dry the fat in 
a boiling water oven to constant weight. Weigh the flask with a similar flask as a 
counterpoise. Do not wipe the flask immediately before weighing. 

Remove the fat completely with petroleum ether. Deduct the weight of the dried 
flask with residue and bead to obtain weight of fat. Finally, correct this weight by 
a blank determination on the reagents used. 
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Bahcock Method^ — Official 
20 APPARATUS 

(a) Standard Bahcock test milk bottle.~~S%, 18-g, 6-incli milk-test bottle, total 
height 150-165 mm (5. 0-6.5 inches). The bottom of the bottle shall be flat, and the 
axis of the neck shall be vertical when the bottle stands on a level surface. The 
charge of milk for the bottle shall be 18 g. 

Bulb . — The capacity of the bulb to the junction with the neck shall be not less 
than 45 cc. The shape of the bulb shall be either cylindrical or conical. If cylindrical, 
the outside diameter shall be between 34 and 36 mm; if conical, the outside diameter 
of the base shall be between 31 and 33 mm, and the maximum diameter between 
35 and 37 mm. 

Is>eck . — The neck shall be cylindrical and of uniform diameter from at least 5 mm 
below the lowest graduation mark to at least 5 mm above the highest. The top of 
the neck shall be flared to a diameter of not less than 10 mm. The graduated portion 
of the neck shall have a length of not less than 63.5 mm. The total per cent gradua- 
tion shall be 8. The graduations shall represent whole per cent, 0.5%, and 0.1%, 
respectively, from 0.0 to 8.0%. The tenths per cent graduations shall be not less 
than 3 mm in length; the 0.5% graduations shall be not less than 4 mm in length 
and shall project 1 mm to the left; and the whole per cent graduations shall extend 
at least half-way around the neck to the right and shall project at least 2 mm to 
the left of the tenths per cent graduations. Each whole per cent graduation shall be 
numbered, the number being placed to the left of the scale. The capacity of the 
neck for each whole per cent on the scale shall be 0.20 cc. The maximum error of 
the total graduation or any part thereof shall not exceed the volume of the smallest 
unit of the graduation. 

Each bottle shall be so constructed as to withstand the stress to which it will be 
subjected in the centrifuge. 

(ai) Testing . — The Hg and cork, alcohol and buret, and alcohol and brass plunger 
methods may he used for the rapid testing of the bottles, but the accuracy of any 
questionable bottle shall be determined by calibration with Hg (13.5471 g of clean, 
dry Hg at 20° to be equal to 5% on the scale of an 18-g bottle and 10% on the scale 
of a 9 g-bottle), the bottle being previously filled to zero with Hg. 

(b) Pipel . — The standard milk pipet shall conform to the following specifications: 


mm 

Total length, not more than 330 

Outside diameter of suction tube 6-8 

Length of suction tube 130 

Outside diameter of delivery lube 4. 5-5.5 

Length of delivery tube 100-120 

Distance of graduation mark above bulb 15-45 

Xozzlcy straight 


Graduation, to contain 17.6 cc of HjO at 20° when the bottom 
of the meniscus coincides with the mark on the suction 
tube. 

Delivery, 5-8 seconds. 

Maximum error in graduation, not to exceed 0.05 cc. 

The pipet is to be marked “Holds 17.6 cc.'’ 

(bt) Testing , — The pipet shall be tested by measuring from a buret the volume 
of HjO (at 20°) which it holds up to the graduation mark. 
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(c) Acid measure. — The device used to measure H2SO4, whether a graduated 
cylinder or a pipet attached to a Swedish acid bottle, shall be graduated to deliver 
17.5 cc. 

(d) Centrifuge or ‘Hester.’' — The standard centrifuge, however driven, shall be 
constructed tbruout and so mounted as to be capable, when filled to capacity, of 
rotating at the necessary speed with a minimum of vibration and without liability 
of causing injury or accident. It shall be heated, electrically or otherwise, to a temp, 
of at least 55® during the process of centrifuging. It shall be provided with a speed 
indicator, permanently attached, if possible. The proper rate of rotation may be 
ascertained by reference to the table below. By “diameter of wheel” is meant the 
distance between the inside bottoms of opposite cups measured thru the center of 
rotation of the centrifuge wheel while the cups are horizontally extended. 

Diameter of wheel, inches; 10 12 14 16 18 20 22 24 

No. revolutions per minute: 1074 080 900 848 800 759 724 693 

(e) Dividers or calipers. — For measuring the fat column. 

(f) Water bath for test bottles. — Provided with a thermometer and a device for 
maintaining a temp, of 55 -60®. 

21 DETERMINATION 

Transfer 18 g of the prepared sample, 2, to the milk-test bottle by means of the 
pipet. Blow out the milk remaining in the pipet tip after free outflow has ceased. 
Add 17.5 cc of H2S04 (sp. gr. 1.82-1,83 at 20°), preferably not all at one time, pour- 
ing it down the side of the neck of the bottle in such a way as to wash all traces of 
the milk into the bulb. The temp, of the acid shall be about 15-20°. Shake until all 
traces of curd have disappeared; then transfer the bottle to the centrifuge; counter- 
balance it; and, after the proper speed has been attained, whirl 5 min. Add soft H2O 
at 60®, or above, until the bulb of the bottle is filled. Whirl 2 min. Add hot H2O until 
the liquid column approaches the top graduation of the scale. Whirl 1 min. longer 
at a temp, of 55-60°. Transfer the bottle to the warm water bath maintained at a 
temp, of 55-60°, immerse it to the level of the top of the fat column, and leave it 
there until the column is in equilibrium and the lower fat surface has assumed a 
final form. Remove the bottle from the bath, wipe it, and with the aid of dividers 
or calipers measure the fat column, in terms of percentage by weight, from its lower 
surface to the highest point of the upper meniscus. 

The fat column, at the time of measurement, should be translucent, of a golden 
yellow or amber color, and free from visible suspended particles. Reject all tests in 
which the fat column is milky or shows the presence of curd or of charred matter, 
or in which the reading is indistinct or uncertain. 

ADDED WATER 

22 Acetic Serum Method^ — Oficial 

(a) Zeiss immersion refractomeier reading. — -To 100 cc of the milk, measured at 20® 
into a beaker, add 2 cc of 25% acetic acid (sp. gr. 1.035). Cover the beaker with a 
watch-glass and place in a water bath at 70® for 20 min. Place the beaker in ice HiO 
for 10 min. and separate the curd from the serum by rapid filtration thru a small 
filter. Transfer a portion of the clear serum to a refractomeier beaker, place in the 
constant temp, bath, and take the refractometer reading when the temp, of the 
serum has been brought to exactly 20®, as determined by a thermometer graduated 
in tenths of a degree. A reading below 39 indicates added HiO; between 39 and 40, 
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the addition of HjO is suspected. When the reading is 40 or below, determine the 
ash in the serum as directed under (b). 

(b) Ash , — Transfer 25 cc of the serum to a weighed flat-bottomed Pt dish and 
evaporate to dryness on a water bath. Heat over a low flame (to avoid spattering) 
until the contents are thoroly charred, place the dish in an electric muffle, preferably 
with pyrometer attached, and ignite to a white ash at a temp, not greater than 500°. 
Cool and weigh. Express the result as grams per 100 cc. A result below 0.715 g per 
100 cc indicates added H 2 O. The acetic serum ashXthe factor 1.021 =the sour 
serum ash (dilution of the acetic serum being 2%). 

23 Sour Serum Method — Oj^cial 

(a) Zeiss immersion refractometer reading .^ — Allow the milk to become completely 
sour, filter, and determine the immersion refractometer reading of the clear serum 
at 20°. A reading below 38.3 indicates added H 2 O. 

(b) Ash.^ — Determine the ash in 25 cc of the serum obtained in (a) as directed 
under 22(b). A result below 0.730 g per 100 cc indicates added H 2 O. 

24 Copper Serum Metkod^^ — Ojjicial 

To 1 volume of CuSO* soln (72.5 g of CuSO*. SHjO per liter, adjusted if necessary 
to read 36 at 20° on the scale of the Zeiss immersion refractometer, or to a specific 
gravity of L0443 at 20/4°), add 4 volumes of milk. Shake well and filter. Determine 
the refractometer reading of the clear serum at 20°. A reading below 36 indicates 
added H 2 O. When the refractometer reading is 36 or below, determine the ash of the 
sour serum as directed under 23(b) or of the acetic serum as directed under 22(b). 

Cryoscopic Meihod^^ — Official 

25 APPARATUS 

(a) Cryoscope . — A cylindrical-shaped Dewar flask of 1 liter capacity and 28 cm 
internal depth, surrounded by a metal casing, is tightly closed by means of a large 
cork of about 3 cm thickness. Thru the center of the cork is tightly fitted a medium 
thin-walled glass or metal tube, 250 mm in length by 33 mm outside diameter. At 
one side of the cork is inserted a narrow metal inlet tube, the lower end of which is 
formed into a perforated loop near the bottom of the flask. At the opposite side 
is a metal tube of T-shape construction and 6 mm internal diameter, intended to 
afford escape for vapors, and also for introducing volatile fluid into the apparatus. 
At the back portion of the cork is fitted a control thermometer, the bulb of which 
extends nearly to the bottom of the flask. The freezing test tube is of thin glass, 
about 240 mm in length by 29 mm outside diameter, and fits closely into the larger 
tube, which is sealed into the cork. In the rubber stopper of the freezing tube is 
fitted the standard thermometer. The length of the thermometer permits insertion 
of the bulb nearly to the bottom of the tube and at the same time allows complete 
exposure of the scale above the stopper. At the right side of the thermometer a 
stirring device made of non-corrodible low conductivity metal is fitted into the 
stopper thru a short section of thin-walled metal tubing. The lower end extends 
nearly to the bottom of the test tube and is provided with a horizontal loop en- 
circling the thermometer. At the left of the thermometer is a freezing-starter attach- 
ment inserted thru an opening in the stopper formed by means of a short section of 
metal tubing. This device consists of a non-corrodible metal rod, at the lower end 
of which is a 10 mm length opening for the purpose of carrying a small fragment of 
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iee. At one side of the cryoscope is installed an air-drying arrangement which con- 
sists of a Folin absorption bulb inserted thru a tightly fitting stopper and extending 
nearly to the bottom of a large-sized test tube. A short section of glass tubing is 
inserted thru a second opening in the stop- 
per and is connected to the vaporizing 
tube which enters the cryoscope. Sulfuric 
acid is poured into the drying tube to a 
level slightly above the small inner bulb. At 
the opposite side of the apparatus is ar- 
ranged a drain tube for the purpose of con- 
ducting vapors away from the operator. 

By means of a pressure and suction pump 
dry air may be forced into the apparatus 
at a suitable rate and the mixed vapors 
conducted out thru the base of the drain 
tube into the sink. An adjustable lens is 
mounted in a convenient position in front 
of the thermometer for the purpose of mag- 
nifying the scale. 

(b) Standard thermo7neter.- — A solid-stem 
instrument having a total length of 58 cm, 
with a scale portion measuring about 30 cm. 

The total scale range is 3°, from -|-1° to 
— 2'^, and each degree division is subdivided 
into tenths and hundredths. The length of 
a degree division approximates 1 dm, thus 
making the smallest subdivisions of such 
magnitudes as to enable easy observation 
and readings estimated to 0.001“. Standard- 
ize the thermometer as directed iiiulcr 26, 

Check at frequent intervals, once a week or 
as often as may be necessary, to keep an ac- 
curate record of any changes that may oc- 
cur. 

(c) Control ther7nometer. — A solid-stem 
instrument approximately 5S cm in length and having a scale range of -1-20° to 
—30°. Test in a bath of melting crushed ice for the purpose of determining whether 
the 0-mark on the scale is correct. The scale graduations should be accurate to 
within 0.10°. 

26 ST.^N'D.\RDIZ.\TION OK THE THE R\fO METER 

Make 3 freezing-point determinations by the procedure given under 27 on each 
of the following: 

(a) Recently boiled distilled H 2 O. 

(b) Sucrose soln. — Dissolve 7 g of pure sucrose in HzO and make the soln to a 
volume of 100 cc at 20°. 

(c) Sucrose Dissolve 10 g of pure sucrose in HsO and make the soln to a 

volume of 100 cc at 20°. 

(A sample of pure sucrose may be obtained by application to the Director of the 
Bureau of Standards, Department of Commerce, Washington, D. C.) 

Tabulate the results in the following form : 



FIG. 24.— HORTVET CRYOSCOPE 
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FRliSZINQ- 

POtNT 

OSaEKVATIONS 

PURE 

WATER 

1 7 QRAIIS SCCROBE SOLDTION | 

I 10 GRAlta 80CROBE SOIOTION 

Observed 
freeiine point 
(-S) 

Freesing-point 
depression S — W 
(algebraic) 

Observed 
freezing point 
(-S) 

Freezing-point 
depreHBion S— W 
(algebraic) 

1st 






2nd 






3rd 






Averjiges 

+ w 

xxxxxxx 


XXXXXXX 



Express the results as degrees freezing-point depression below the average of 
the observed freezing points obtained on the sample of pure H2O ( ± W), which may 
be above (-h) or below ( — ) the 0-mark on the scale. Obtain each freezing-point de- 
pression of the sucrose solns by the algebraic subtraction of the average of the 
freezing-point readings of pure HjO ( ± W) from each observed freezing point. 

Omit adventitious results, I'.e., results which are in marked disagreement with 
other results obtained by carefully following instructions. 

Apply the average of the freezing-point depressions obtained on the standard 
sucrose solns for the purpose of correcting the thermometer readings obtained on 
samples of milk in the manner illustrated in the tables accompanying Fig. 25. 

27 DETERMINATION 

(Make freezing-point determinations only on samples of milk that show an acidity 
of not more than 0.18% when determined as directed under 4 .) 

Insert the funnel-tube into the vertical portion of the T-tube at one side of the 
apparatus and pour in 400 cc of ether previously cooled to 10® or lower. Close the 
vertical tube by means of a small cork and connect the pressure pump to the inlet 
tube of the air-drying attachment. Adjust the pump so as to pass air thru the 
apparatus at a moderate rate, as may be judged by the agitation of the H2SO4 in 
the drying tube. Continuous vaporization of the ether will cause a lowering of the 
temp, in the flask, from ordinary room temp, to 0® in from 5 to 10 min. Continue 
the temp, lowering until the control thermometer registers near — At this stage, 
by lowering the gage tube into the ether bath, then closing the top by means of the 
forefinger and raising to a suitable height, an estimate can be made as to the quan- 
tity of ether necessary to pour in for the purpose of restoring the 400 cc volume. 
When the volume of ether has been adjusted to 400 cc an additional 10 -15 cc is 
sufficient on an average for each succeeding determination. Pour into the freezing 
test tube sufficient HjO (30-35 cc), boiled and cooled to 10® or lower, to submerge 
the thermometer bulb. Insert the thermometer together with the stirrer and lower 
the test tube into the larger tube. A small quantity of alcohol, sufficient to fill the 
lower space between the 2 test tubes, will serve to complete the conduction medium 
between the freezing bath and the liquid to be tested. Keep the stirrer in steady 
up-and-down motion at a rate of approximately one stroke each 1 or 2 seconds, or 
even at a slower rate, providing the cooling proceeds satisfactorily. Maintain a 
passage of air thru the apparatus until the temp, of the cooling-bath reaches —2.5®, 
at which time the top of the Hg thread in the thermometer usually recedes to a 
position near the freezing point of HjO. Maintain the temp, of the cooling-bath at 
— 2.6® and continue the manipulation of the stirrer until a super-cooling of sample 
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of 1.0 to 1.2® is observed. As a rule, at this time the liquid will begin to freeze, as 
may be noted by the rapid rise of the Hg. Manipulate the stirrer slowly and care- 
fully 3 or 4 times as the Hg column approaches its highest point. By means of a 
suitable light-weight cork mallet tap the upper end of the thermometer cautiously 
a number of times until the top of the Hg column remains stationary for at least 
1 min. Observe the exact reading on the thermometer scale, taking necessary pre- 
cautions to avoid parallax, and estimate to 0.001®. When the observation has been 


Two Bureau of Standards tested thermometers gave intervals of 0.109° and 
0.200®, respectively, between the freezing-point depression readings of the two 
sucrose solns. One thermometer gave freezing-point depressions -0.422° and 
-0.621°, respectively, for the two sucrose solns, while the other gave -0.422° and 
— 0.622°, respectively. 


Laboratory Thermometer No. 2. 



7 GRAMS 

10 GRAMS 

WATER 

SUCROSE TO 

SUCROSE TO 


100 CC 

100 CC 

+0.056° 

-0.425° 

-0.621° 


Interval =0.196 
0.196 equiv. 0.199 
Correction = X 1.015 


Laboratory Thermometer No. 24. 



7 GRAMS 

10 GRAMS 

WATER 

SUCROSE TO 

SUCROSE TO 


100 CC 

100 CC 

0.000° 

-0.420° 

-0.625° 


Interval = 0.205 
0.205 equiv. 0.199 
Correction = X0.971 


Example) 

Laboratory Thermometer No, 24. 

F. pt. Depression Sample Milk =0.548 
(0.548-.420) 0.971=0.124 
Corrected Depression = 0.422 +0. 124 
= 0.546° 
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satisfactorily completed, make a duplicate determination; then remove the ther- 
mometer and stirrer and empty the HjO from the freezing tube. 

Rinse the tube with about 25 cc of the sample of milk, cooled to 10® or lower; 
measure into the tube 30-35 cc of milk, or enough to submerge the thermometer 
bulb; and insert the tube into the apparatus. Maintain the temp, of the cooling- 
bath at 2.5® below the probable freezing point of the sample. Make the determina- 
tion on the milk, following the same procedure as that used in determining the 
freezing point of HjO. As a rule, however, it is necessary to start the freezing action 
in the milk by inserting the freezing starter (which has been kept in contact with 
ice for several minutes, and in the open end of which has been wedged a fragment 
of ice) at the time when the Hg column has receded to 1.0-1. 2® below the probable 
freezing point. A rapid rise of the Hg results almost immediately. Remove the 
starter and manipulate the stirrer slowly and carefully 2 or 3 times while the Ilg 
approaches its highest point. Complete the adjustment of the Hg column in the 
same manner as in the preceding determination; then, avoiding parallax, observe 
the exact reading on the thermometer scale and estimate to 0.001®. The algebraic 
difference between the average of readings obtained on the H2O and the reading 
obtained on the sample of milk represents the freezing-pouit depression of the milk. 
Apply necessary correction to the result in the manner shown in the illustrative 
tables accompanying Fig. 25. 

Ascertain the percentage of added H2O corresponding to the determined freezing- 
point depression from Table 22, XLII. The percentage of added H2O (IT) may 
also be calculated as follows: 


^^,_lQQ (r- r} 
- Y 


in which 


T = the average freezing point of normal milk ( — 0.550®), and 
r^=the observed freezing point on a given sample. 


A tolerance of 3% may be allowed on results for added II2O determined on the 
basis of an average freezing-point depres.sion of —0.550®. Owing to the narrow 
variations found in market milks of genuine character it is not necessary to deduct 
the tolerance figure from results showing added H5O in excess of 3%. 


GELATINu 

28 Qualitative Test — Official 

To 10 cc of the milk add an equal volume of acid Hg(N03)i soln (Hg dissolved 
in twice its weight of HNOj and this soln diluted to 25 times its volume with 11*0), 
shake the mixture, add 20 cc of H|0, shake again, allow to stand 5 min., and filter. 
If much gelatin is present, the filtrate will be opalescent and cannot be obtaine<l 
quite clear. To a portion of the filtrate contained in a test tube add an equal volume 
of saturated aqueous picric acid soln. A yellow precipitate will be produced in the 
presence of any considerable quantity of gelatin, while smaller quantities will be 
indicated by a cloudiness. 

Xote: In applying this teat to sour, fermented, cultured, or very old samples of 
milk, cream, or buttermilk; to sterilized cream or evaporated milk; or to cottage 
cheese, use care to recognize precipitates produced by picric acid when added to the 
Hg(NO»)j filtrates from these materials in the ab.sence of gelatin. (Such samples, 
with or without rennet and entirely free from gelatin, give, on standing, distinct 
precipitates when treated as above outlined. In every case, however, these pre- 
cipitates differ in character from that which picric acid produces with gelatin. The 
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gelatin-picric acid precipitate is finely divided, more apt to remain in suspension, 
settles only slowly, and adheres tenaciously to the sides and bottom of the container 
from which it is rinsed with difficulty. Precipitates produced by picric acid in the 
absence of gelatin are flocculent, separate readily^ leaving the serum practically 
clear, do not adhere to the walls of the container, and are easily removed by rinsing 
with HjO. When gelatin is present in the sample, the gelatin-picric acid precipitate 
will remain in suspension long after the flocculent precipitate has settled, but on 
standing overnight the characteristic sticky deposit will be found adhering tena- 
ciously to the bottom and sides of the test vessel. If gelatin is present in relatively 
high concentration (1%), the gelatin-picric acid precipitate will be voluminous and 
will settle rather quickly.) 

When examining cottage cheese, mix thoroly 5 g of the sample with 10 cc of 
II 2 O at 50-60° and add 5 cc of Hg(N 04)2 soln. Shake, let stand 5 min., and filter 
thru a medium fast, retentive paper. To the filtrate add 5 cc more of the Hg(NOj )2 
soln and test as before, using the filtrate so obtained for the test. 

29 PRESERVATIVES— OFFICIAL 

Proceed as directed under XXXIl. To test for salicyclic acid or benzoic acid 
acidify 100 cc of the milk with 5 cc of HCl (l-j-S), shake until curdled, filter, and 
treat the clear filtrate as directed under XXXII, 2, 3, or 6. 

To test for HC'HO proceed as directed under XXXII, 19-25, inclusive, applying 
the test directly to the milk. 

30 COLORING MATTERS^i— OFFICIAL 

Warm about 150 cc of milk in a casserole over a flame and add about 5 cc of 
acetic acid (1 +3), then slowly continue the heating nearly to the boiling point while 
stirring. Gather the curd, when possible, into one mass with a stirring rod and pour 
off the whey. If the curd breaks up into small flecks, separate from the whey by 
straining thru a sieve or colander. Press the curd free from adhering liquid, transfer 
to a small flask, macerate with about 50 cc of ether, keeping the flask tightly corked 
and shaking at intervals, and allow to stand for several hours, preferably overnight. 
Decant the ether extract into an evaporating dish, remove the ether by evaporation, 
and test the fatty residue for annatto as directed under XXI, 16(b). 

The curd of an uncolored milk is perfectly white after complete extraction with 
ether, as is also that of a milk colored with annatto. If the extracted fat-free curd is 
distinctly orange or yellowish in color, a coal tar dye is indicated. In many cases if 
a lump of a fat-free curd in a test tube is treated with a little HCl the color changes 
to pink, indicating the jiresence of a dye similar to aniline yellow or butter yellow or 
perhaps one of the acid azo yellow's or oranges. In such cases, separate and identify 
the coloring matter present in the curd as directed under XXI, 11. If aniline yellow, 
butter yellow', or any other oil-soluble dye is present, the greater part will be found 
in the ether extract containing the fat. In such cases proceed as directed under 
XXI, 3. 

In some cases the presence of coal tar dyes can be detected by treating about 
100 cc of the milk directly with an equal volume of HCl in a porcelain casserole, 
giving the dish a slight rotary motion. In the presence of some dyes the separated 
curd acquires a pink coloration. 


SEDIMENT TEST” 

(Taken from Standard Methods of Milk Analysis, Americat Public Health 
Association. This method has beeu edited to conform in part to the style of this 
publication.) 
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31 SAMPLING 

Pint samples only are regarded as standard. If quart or any other size of sample 
is used, report the size used. Take these samples from well-stirred cans or vats of 
milk or from pint or well-shaken quart bottles of milk. Do not take samples from 
the unstirred bottom milk of 40-quart or other cans. Measure the amount of milk 
used with reasonable accuracy. 

32 PREPARATION OF SEDIMENT DISKS 

Strain the pint sample of milk thru a suitable sediment tester fitted with a firm 
cotton disk (the type furnished by the Lorenz Model Co., Madison, Wis., is suit- 
able) placed over an opening 1 in, in diameter. (It will hasten the process of filtering 
if provision is made for warming the milk, or the milk may be forced thru the disk 
by air pressure.) 

33 PREPARATION OF STANDARD SEDIMENT DISKS 

Prepare a suspension of weathered, dried, finely ground cow dung, using a 50% 
cane sugar soln as the medium. 

Dry the cow dung in an oven and grind thru a laboratory feed mill several times 
(practically all the ground material should be fine enough to pass a 60-meah screen, 
and the greater portion should be finer than lOO-mesh). Accurately weigh 0.1 g 
and transfer to a 1000 cc measuring flask, using the 50% sugar soln to wash ail the 
fine particles down into the flask. Make the volume up to the 1000 cc mark with 
more of the sugar soln after most of the fine particles have been wetted by shaking 
the half-filled flask thoroly several times. After the volume is made up to the mark, 
shake the contents of the flask vigorously every 5 min. for sufficient time to saturate 
the particfes thoroly {^1 hr.). When the particles have been thoroly wetted it will 
be noted that the sugar soln will hold them evenly in suspension, and the mixture 
is ready to use in making the standard disks. 

On the basis of 0.1 g per 1000 cc, 10 cc of the sugar soln contains 1 mg of sedi- 
ment. Make test disks with one of the usual sediment testers, using varying volumes 
of the sediment suspension. Place several ounces of filtered skimmed milk in the 
sediment tester and add varying volumes of the sediment suspension. After forcing 
the milk thru the disks, run thru a small quantity of filtered skimmed milk to ob- 
tain a more even distribution of the sediment on the disk. 

Remove the disk from the tester, mount permanently on a stiff paper, allow to 
dry, and then make permanent by spraying with a strong disinfectant such as cor- 
rosive sublimate. A good apparatus for this purpose is an ordinary throat atomizer, 
provided caution is observed not to use corrosive sublimate in contact with metal. 
Below each mounted standard disk on the paper note the quantity of dried material 
that the dirt or filth on the disk represents. 

Note: An excellent set of standard disks has been prepared and photographed 
by the Connecticut State Department of Health Laboratory. Thru the courtesy of 
the Connecticut laboratory, photographic copies of these standard disks may be 
secured thru the office of the American Public Health Association, 50 West 50th 
St., New York City. 

The standards given are based on pint samples of milk to which weighed amounts 
of sediment have been added, and cover the entire range from "clean” to "very 
dirty” milk. Numerical ratings are given for the convenience of those who wish to 
use these standard disks as the basis of percentage or other numerical scores. 
No attempt should be made to grade as sediment any hair, piece of hay or straw, or 
any large particle of dirt. These should be reported separately. 
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CREAM 

34 COLLECTION OF SAMPLE— OFFICIAL 

Proceed as directed under 1. Analyze the sample as soon as practicable, preferably 
not later than 3 days after taking. 

35 PREPARATION OF SAMPLE— OFFICIAL 

Immediately before withdrawing portions for the determinations, mix the sample 
by shaking, pouring, or stirring until it pours readily and a uniform emulsion has 
been secured. If the sample is very thick, warm it to 30-35°, and then mix. In case 
lumps of butter have separated, heat the sample to 38° or, if necessary, to 50°, by 
placing in a warm water bath. Thoroly mix the portions for analysis and weigh 
immediately. (In commerical testing for fat by the Babcock method, it may be 
advisable to warm all samples to 38-50° in a water bath previous to mixing.) Avoid 
overheating the sample, thereby causing the cream to ‘‘oil off.*’ (This precaution is 
especially necessary in the case of a thin cream.) 

36 TOTAL SOLIDS— OFFICIAL 
Proceed as directed under 8, using 2-3 g of the sample. 

37 ADDED WATER IN CREAM t*— OFFICIAL 

Proceed as directed under 25, but use the following formula to calculate the per- 
centage of added HjO; 

% Serum in Cream {T—T') 

W = — - — — — — , in which 

W = the percentage of added H 2 O; 

T = the freezing point of undiluted cream ( —0.550°) ; 

T' = the observed freezing point of the given sample; and 
% = 100% — (% fat+% protein). 

If protein is not determined it may be assumed to be 38% of the solids-not-fat. 

38 ASH— OFFICIAL 
Proceed as directed under 9. 

39 TOTAL NITROGEN— OFFICIAL 
Proceed as directed under 10. 

LACTOSE 

40 Gravimetric Method — Official 
Proceed as directed under 18. 

FAT 

41 Roese-Gottlieb Method — Official 

Trajisfer 5 g of tlie sample to a Rohrig tube or a similar apparatus, dilute with 
H 2 O to about 10.5 cc, and proceed as directed under 19. 

Babcock Method^ — Offiicial 

42 APPARATUS 

(a) Test bottles.~Th.e standard Babcock test bottles for cream shall be as follows: 
(1) 50%, 9-g, short-necked, G-inch cream-test bottle. — Total height 150-165 -mm 
(5,9 -6.5 inches). The bottom of the bottle shall be flat, and the axis of the neck shall 
be vertical when the bottle stands on a level surface. The charge of cream for the 
bottle shall be 9 g. 
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Bulh. — The capacity of the bulb to the junction with the neck shall be not less 
than 45 cc. The shape of the bulb shall be either cylindrical or conical. If cylindrical, 
the outside diameter shall be between 34 and 36 mm; if conical, the outside diameter 
of the base shall be between 31 and 33 mm, and the maximum diameter between 35 
and 37 mm. 

Keck. — The neck shall be cylindrical and of uniform diameter from at least 5 mm 
below the lowest graduation mark to at least 5 mm above the highest. The top of 
the neck shall be flared to a diameter of not less than 15 mm. The graduated portion 
of the neck shall have a length of not leas than 63.5 mm. The total per cent gradua- 
tion shall be 50. The graduations shall represent 5%, 1%, and ^%, respectively, 
from 0.0 to 50%. The 5% graduations shall extend at least half-way around the 
neck to the right; the §% graduations shall be not less than 3 mm in length; and 
the 1% graduations shall be intermediate in length between the 5% and 3% gradua- 
tions and shall project 2 mm to the left of the 7% graduations. Each 5% graduation 
shall be numbered (thus: 0, 5, 10, . . . 45, 50), the number being placed to the left 
of the scale. The capacity of the neck for each whole per cent on the scale shall be 
0.1 cc. The maximum error in the total graduation or any part thereof shall not ex- 
ceed the volume of the smallest unit of the graduation. 

(2) 50%, 9-g, long-necked, 9-inch cream-test bottle. — The same specifications shall 
apply to this bottle as to the 50%, 9-g, 6-inch cream-test bottle, except that the 
total height of this bottle shall be 210-229 mm (8.25-9.0 inches) and the graduated 
portion of the neck shall have a length of not less than 120 mm. 

(3) 50%, 18-g, long-necked, 9-iuch cream-test The same specifications shall 

apply to this bottle as to the 50%, 9-g, 9-inch cream-test bottle, except that the 
charge of cream for this bottle shall be 18 g. 

Each bottle shall bear on the top of the neck above the graduations, in plain 
legible characters, a mark denoting the weight of the charge to be used, viz., “9 g” 
or "18 g," as the case may he. 

Each bottle shall be so constructed as to withstand the stress to which it will be 
subjected in the centrifuge. 

(4) Testing. — Proceed as directed under 20(at). 

(b) Water bath for cream samples. — Provided with a thermometer and a device 
for maintaining a temp, of 38-50°. 

(c) Cream leeighing scales. — With a sensibility reciprocal of 30 mg, i.e., the addi- 
tion of 30 mg to either pan of the scale, when loaded to capacity, shall cause a de- 
flection of at least 1 subdivision of the graduation. The scales shall be set level upon 
a table support and be protected from drafts. 

f^d) Weights. — 9g and 18 g, respectively, and plainly marked "9 g" or "18g," as 
the case may be. They shall be made of material capable of resisting corrosion or 
other injury, shall preferably be of a low squat shape, with rounded edges, and shall 
be verified at frequent intervals by comparison with standardized weights. 

(e) Acid measure. — Described under 20(c). 

(f) Centrifuge or "iesfer."— Described under 20(d). 

(g) Dividers or calipers . — Described under 20(e). 

(h) Water hath for test bottles. — Described under 20 ff). 

43 P DETERMINATION' 

Weigh 9 g of the prejiared sample, 35, directly into a 9-g cream-test i>ottle, or 
18 g into an 18-g bottle, and proceed by one of the following methods: 

Method 1. — After the cream has been weighed into the teat bottle, add 8-12 cc 
of HzSO^ (sp. gr, 1.82-1.83 at 20°) in the case of the 9-g bottle, or 14-T7 cc of the 
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acid in the case of the 18-g bottle, or add acid until the mixture of cream and acid, 
after shaking, has assumed a chocolate-brown color. Shake until all lumps have 
completely disappeared; then add 5 10 cc of soft H 2 O at 60^ or above. Transfer the 
bottle to the centrifuge, counterbalance it, and after the proper speed has been at- 
tained whirl 5 min. Add soft hot H 2 O until the liquid column approaches the top 
graduation of the scale; then whirl 1 min. longer at a temp, of 55-60“. Adjust the 
temp, as directed under 21, and with the aid of dividers or calipers measure the fat 
column, in terms of percentage by weight, from its lower surface to the bottom of 
the upper meniscus. 

Method 2. — For a 9-g bottle only. — After the cream has been weighed into the test 
bottle, add 9 cc of soft H 2 O and thoroly mix; add 17.5 cc of the H 2 S 04 and shake 
until all lumps have completely disappeared. Transfer the bottle to the centrifuge, 
counterbalance it, and after the proper speed has been attained whirl 5 min. Fill 
the bottle to the neck with hot H 2 O and whirl 2 min. Add hot H 2 O until the liquid 
column approaches the top graduation of the scale; then whirl 1 min. longer at a 
temp, of 55-60®. Adjust the temp, and measure the fat column as directed under 
Method 1. 

W hichever method is followed, the fat column, at the time of reading, should be 
translucent, of a golden yellow to amber color, and free from visible suspended 
particles. All tests in which the fat column is milky or shows the presence of curd 
or of charred matter, or in which the reading is indistinct or uncertain, should be 
rejected. 

If glymol or pure white mineral oil (sp. gr. not to exceed 0.85 at 20 ) is used, 
introduce a few drops only into the bottle just before the reading is made (it must 
not be dropped in, but must be allowed to flow down the side of the neck). For the 
purpose of measurement, the surface separating the glymol and the fat is regarded 
as representing the upper limit of the column. Oil-soluble artificial color may be 
a<l<lcd to white mineral oil. 

44 OELATIN - OFFICIAL 

Proceed as directed under 28. 

45 PRESERVATIVES— OFFICIAL 

Proceed as directed under 29 and under XXXII. 

46 COLORING MATTERS -OFFICUL 

Proceed as directed under 30 and under XXL 

EVAPORATED MILK (UNSWEETENED) 

47 PREPARATION OF SAMPLE-OFFICIAL 

(a) Transfer the entire contents of a can to a large dish, stir thoroly, and pass 
thru a fine sieve or strainer until a homogeneous mass is secured. If a slight separa- 
tion of fat is evident, warm a portion of the sample containing the separated fat to 
.30-35“ and agitate until a uniform emulsion is obtained; then combine with the un- 
heated portion and mix thoroly. (If an appreciable quantity of fat has separated, 
rendering jmj>ossibIe the formation of a satisfactory emulsion, an accurate analysis 
cannot be made.) 

(b) Dilute 40 g of the prepared homogeneous mass (a) with 60 g of HiO and mix 

thoroly. * 

48 TOTAL SOLIDS— OFFICIAL 

Weigh 4-6 g of the diluted sample, 47(b), into a weighed flat-bottomed Pt dish, 
not less than 6 cm in diameter, and proceed as directed under 8. Correct the result 
for the dilution. 
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49 ASH—OFFICUL 

Ignite the residue from the total solids determination, 48, at a low red heat until 
the ash is free from C. Correct the result for the dilution. 

50 FAT -official 

Weigh 4-5 g of the undiluted sample, 47(a), into a Rohrig tube or a similar ap- 
paratus; dilute with HjO to about 10.5 cc; and proceed as directed under 19. 

51 TOTAL NITROGEN— OFFICIAL 

Weigh 5 g of the undiluted sample, 47(a), transfer to a Kjeldahl flask, and pro- 
ceed as directed under II, 21, 23, or 25. The percentage of N X 6. 38= percentage of N 
compounds. 

52 CASEIN— OFFICIAL 

Weigh 10 g of the diluted sample, 47(b), into a beaker, and proceed as directed 
under 11 or 12. Correct the result for the dilution. 

53 ALBUMIN— OFFICIAL 

Proceed as directed under 14, using the filtrate from 52. Correct the result for 
the dilution. 

54 LACTOSE— OFFICIAL 

Proceed as directed under 16 or 18, using the diluted sample, 47(b), and corrort 
the result for the dilution. 

55 GELATIN— OFFICIAL 
Proceed as directed under 28. 

56 PRESERVATIVES— OFFICIAL 
Proceed as directed under 29 and under XXXII. 

57 COLORING MATTERS— OFFICIAL 
Proceed as directed under 30 and under XXL 

SWEETENED CONDENSED MILK 

58 PREPARATION OF SAMPLE— OFFICIAL 

(a) If the can is cold, place it in HjO at 30-35® until warm. Open, scrape out all 
milk adhering to the interior of the can, and after transferring to a dish sufficiently 
large to permit stirring thoroly mix until the whole mass is homogeneous. 

(b) Weigh 100 g of the thoroly mixed sample into a 500 cc volumetric flask, 
dilute to the mark with HjO, and mix thoroly. If the sample will not emulsify uni- 
formly, weigh out a separate portion of (a) for each determination. 

59 TOTAL SOLIDS— OFFICIAL 

Use 10 cc of the prepared soin, 58(b), and proceed as directed under 8, drying 
on either sand or asbestos fiber. Correct the result for the dilution. 

60 ASH— OFFICUL 

Evaporate 10 cc of the prepared soln, 58(b), to dryness on a water bath and ignite 
the residue as directed under XXVII, 8. Correct the result for the dilution. 
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61 PROTEIN-OFFICIAL 

Determine the N as directed under II, 21, 23, or 25, using 10 cc of the prepared 
soln, 58(b), and multiply by 6.88 to obtain the equivalent of protein. Correct the 
result for the dilution. 

62 LACTOSE— OFFICIAL 

Dilute 100 cc of the prepared soln, 58(b), in a 250 cc volumetric flask to about 
200 cc; add 6 cc of Fehling's CuSO< aoln, XXXIV, 31(a), make up to the mark, and 
mix thoroly. Filter thru a dry filter and determine lactose as directed under XXXIY, 
57. Correct the result for the dilution. 

63 FAT— OFFICIAL 

Weigh accurately 4-5 g of the prepared sample, S3(a), into a Rdhrig tube or a 
similar apparatus; dilute with lIjO to about 10.5 cc, and proceed as directed under 


SUCROSE^— OFFICIAL 

64 REAGENT 

To 220 g of yellow HgO, add 300-400 cc of HjO and sufficient HNO3 to form a 
clear soln (about 140 cc), being careful to use the least possible excess of acid. 
Dilute to 800-900 cc and add 10% NaOH soln slowly and with constant shaking 
until a slight permanent precipitate is obtained. Dilute to 1 liter and filter. As the 
soln tends to become acid with age owing to the deposition of basic mercuric salts, 
dilute alkali should be added occasionally until a slight permanent precipitate is 
formed, and the soln filtered. 

65 DETERMINATION 

Introduce 50 cc of the prepared soln, 58(b), into a 100 cc volumetric flask; add 
25 cc of IDO, mix, add 5 cc of the Hg(N03)2, and shake thoroly. Without delay and 
while shaking constantly, add sufficient 0.5 N NaOH soln to render the mixture 
neutral to litmus paper, being careful to avoid an alkaline reaction (usually 12-13 
cc will be required). Dilute to 100 cc with H2O, mix thoroly, and filter thru a dry 
paper. Polarize the filtrate in a 200 mm tube, then invert at room temp, as directed 
under XXXIV, 23(c), and polarize the inverted soln. Correct both readings for the 
volume occupied by the protein, 61, and the fat, 63, 1 g of protein occupying a space 
of 0.8 cc and 1 g of fat, 1.075 cc. Calculate the percentage of sucrose by the following 
formula, using the corrected direct and invert readings obtained above; 


in0(a-6) 26 . 

^ X^, in which 

142.35 -y 


S = percentage of sucrose in the sample 
a = corrected direct polarization, 

5 = corrected invert polarization, 
i = temp. of soln polarized; and 
17 = weight of sample taken (10 g). 


DRIED MILK AND MALTED MILK 

(5(5 SAMPLING DRIED MILK**— TENTATIVE 

Use care to minimize any moisture absorption from the air during sampling and 
avoid sampling on a rainy day, or when the humidity is high. 
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On the surface of the milk at the top of the barrel locate a point on each end of 
a diameter and on a radius perpendicular to the diameter one to two inches in from 
the edge of the barrel. Midway on each side of the triangle between these points 
locate a point. At the six points so located, using a tubular trier sufficiently long to 
extend the full length of the barrel, draw a core parallel to the vertical axis of the 
barrel. Transfer the cores to a clean, dry, air-tight container and seal immediately. 

Before opening the sample for analysis, make homogeneous either by shaking 
or by alternately rolling and inverting the container. Also avoid excessive temp, 
and humidity when opening the sample container. 

67 PREPARATION OF SAMPLE— TENTATIVE 

Sift the sample thru a 20-mesh sieve onto a large sheet of paper, rubbing the 
material thru the sieve and tapping vigorously if necessary. Grind the residue in a 
mortar, pass thru the sieve, and mix into the sifted material. Discard particles of 
wood and other material that cannot be ground. Sift the sample 2 more times, 
mixing thoroly each time. To avoid absorption of moisture, operate as rapidly as 
possible, and preserve the sample in an air-tight container. 

MOISTURE*’— tentative 

68 DETERMINATION 

Weigh 1-1.5 gof the sample into a previously weighed metal dish (diameter about 
55 mm, height about 15 mm, provided with a slip-in inverted cover fitting tightly 
on the inside), cover tightly, and reweigh. Place the loosely covered dish in direct 
contact with the metal shelf of the vacuum oven and dry to constant weight 
(approximately 5 hours) under a pressure not to exceed 100 mm (4 inches) of llg, 
at the temp, of boiling lIjO. During the drying admit into the oven a slow current 
of air (about 2 bubbles per second), dried by passing thru H2SO4. Discontinue the 
action of the vacuum pump and carefully admit dried air into the oven. Press the 
cover tightly into the dish, remove the dish from the oven, cool, and weigh. Cal- 
culate the percentage loss in weight as moisture. 

60 protein— tentative 

Weigh 1 g of the sample into a Kjeldahl digestion flask and determine N as di- 
rected under 11, 25. The % of N X 6.38 = % of N compounds. 

70 ASH— tentative 

Ignite 1 g of the sample at a low red heat until free from C. Cool in a desiccator 
and weigh. 

71 fat in malted milk* ^tentative 

Weigh accurately about 1 g of the well-mixed sample into a small, lipped beaker. 
Add 1 cc of HjO and mix well ^'ith a glass rod to form a thick liquid free from lutnps. 
Add 10 cc more of II2O, w'arm on the steam bath, and transfer to a Rohrig tube or 
similar apparatus. Cool, add 10 cc of 95% (by volume) alcohol, and mix. Add 25 cc 
of ethyl ether and proceed with the extraction as in the official Roese-GottUeb 
method for milk, 19. To obtain the weight of pure fat, proceed as directed under 19. 

PAT IN DRIED MILK*'— OFFICIAL 

72 preparation of solution 
Proceed as directed in one of the following methods; 

(a) Weigh out about I g of well-mixed sample into a small, lipped beaker. Add 
1 cc of HjO and mix well with a glass rod to form a thick liquid, free from lumps. 
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Add 9 cc more of HjO and 1 cc of NH4OH and warm on the steam bath. Transfer 
to a RShrig tube or similar apparatus. Cool, and proceed as directed in 73, rinsing 
the beaker successively with the alcohol and ethers used in the first extraction. 

(b) Weigh out about I g of well-mixed sample into a Rohrig tube or similar ap- 
paratus. Add 10 cc of H2O and shake until homogeneous, warming if necessary. 
Add 1 cc of NH^OH and heat in a water bath at 60-70“ for 15 min., shaking oc- 
casionally. Cool, and proceed as directed in 73. 

73 DETERMINATION 

Add 10 cc of 95% (by volume) alcohol, and mix. Extract with ethyl ether and 
petroleum ether as directed under 19. For the second extraction add 4 cc of 95% 
alcohol, and again extract as directed under 19. With whole milk and cream powders 
make a third extraction, using 15 cc of each ether after adding, if necessary, suffi- 
cient HjO to raise the aqueous layer in the tube to its original volume. To obtain 
the weight of the pure fat, proceed as directed in 19. 

74 MICROSCOPICAL IDENTIFICATION OF MALTED MILK AND ITS FLAVORED 

PRODUCTS20— TENTATIVE 

Mount a small quantity of the material in a drop of mineral oil on a slide, apply 
the cover-glass, and examine the preparation at a magnification of approximately 
200, using a microscope lamp with daylight glass as a source of light. Control the 
light intensity by the iris diaphragm because a too brilliantly lighted field hinders 
the recognition of details. (See pp. 284r-287.) 

BUTTER 

(These methods are also applicable to renovated or process butter 
and margarine.) 

75 SAMPLINGS’— TENTATIVE 

(a) Tub or Cube Butter. — Insert a regular trough butter trier practically its full 
length from a point near the top edge (or corner in case of a cube) thru the center 
to a point at the bottom diagonally opposite the point of entry. Give the trier one 
complete turn and withdraw a full core. Hold the point of the trier over the mouth 
of the sample container and immediately transfer the core of butter in approxi- 
mately 3 in. sections, working it from the trier by the aid of a spatula fitted to the 
groove. Leave a plug about 1 in. long to place in the hole from which the core was 
removed. Add two other trierfuls taken similarly at points equidistant with the 
first (two other corners in case of a cube) to the jar to constitute a subdivision from 
the tub or cube sampled. Do not include moisture adhering to the outside of the 
trier. Clean and dry the trier before each drawing. Use an unwarmed trier for butter 
stored above the freezing point. For harder butter use a trier warmed to a temp, 
that may be just borne by the hand. Soften butter frozen so hard as to resist the 
trier by storage in a tempering room for 24 hours. 

Sample lots as follows: 

(1) Tubs (or cubes) marked with churn numfoers.—SainpIe one tub of each churn 
of 1-9 tubs, two of each churn of 10-14 tubs, and three of each churn of over 14 
tubs. In no case sample less than two tubs in a lot. 

(2) Tubs not ynarked with churn numbers.— B&mple a number of tubs equivalent 
to the square root of the number in the lot, with a minimum of 3 and a maximum 
of 25. If the square root is not a whole number, sample one extra tub. 

(b) Print 6u«cr.— Withdraw one print from each of a number of cases equivalent 
to the square root of the number of cases in the lot, with a minimum of 5 and a 
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DESCRIPTION OF THE PHOTOMICROGRAPHS 
FIGURE 26 

A.— SPRAY-DRIED WHOLE MILK; (a) MILK MASSES, (b) FAT GLOBULES; B— SPRAY- 
DRIED MALT EXTRACT; C— MECHANICAL MIXTURE; (a) SPRAY-DRIED MALT EXTRACT, 
(b) MILK MASSES, (c) FAT GLOBULES: D.— SPRAY- DR I ED SKIM MILK; E.— MECHANICAL 
MIXTURE: U) SPRAY-DRIED SKIM MILK, (b) SPRAY-DRIED MALT EXTRACT, (c) COCOA, 
(d) SUGAR; F.— DRUM-DRIED MALT EXTRACT, 

A represents a spray-dried whole milk. The large particles represent aggregates 
of globular milk masses having a stippled surface (a). The fat appears as droplets 
(b). 

B represents a spray-dried malt extract having the appearance of aggregates of 
droplets enclosed in spherical masses. 

0 represents a product made by mixing the spray-dried whole milk and the spray- 
dried malt extract, shown in A and B, in the proportion necessary to give the ap- 
proximate composition of malted milk. The globular stippled milk masses (b) and 
the malt extract masses (a) are easily recognized; (c) fat globules. 

D represents a spraj'-dried skim milk that miglit be confused with the spray-dried 
malt extract (B) because the structure of the spherical masses is similar. A com- 
parison of the 2 pictures, however, will show that the droplets in the malt extract 
masses are larger than those appearing in the milk masses. 

E represents a product purchased on the market and represented to contain malt, 
skim milk, whole milk, cocoa, and sugar. Examination shows malt extract (b), dried 
skim milk (a), cocoa (c), and sugar (d) present. Whole milk is absent. The cocoa 
consists of brown amorphous particles, easily discernible under the microscope. 
The highly refractive, irregular fragments of sugar cannot be mistaken. 

F represents a drum-dried malt extract. It consists of clear, highly refractive 
fragments closely resembling broken glass. 
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DESCRIPTION OF THE PHOTOMICROGRAPHS 

FIGURE 27 

A. -MEC^HANICAL MIXl'URK; (a) MILK MASSES, (b) SPRAY-DRIED MALT EXTRACT, 
(c) COCOA, (d) SUGAR; B— MALTED MILK; C— SWEET CHOCOLATE FLAVOR MALTED 
MILK; (a) MALTED Mtl.K MASSES, (b) SUGAR; j;).— MECHANICAI; MIXTURE; (a) SPRAY- 
DRIED SKIM MILK, (b) SPRAY-DRIED MALT EXTRACT, (c) COCOA, (d) SUGAR; E— ME- 
CHANlCAf, MIXTURE; (a) MAI.TED MILK MASSES, (b) COCOA, (c) SUGAR; F.— PRODUCT 
PREPARED FROM MALT INFUSION AND MILK BY SPRAY DRYING; (a) MILK MASSES, 
(b) MALT EXTRACT MASSES, (c) FAT GLOBULES. 

A represents a mechanical mixture of dried whole milk (A, Fig. 26), dried malt 
extract (H, Fig, 26), cocoa and sugar. The milk (a) and malt extract (b) masses and 
the sugar particles (d) are readily recognizable. A mass of cocoa appears near the 
center of the picture (c). 

B is characteristic of the genuine malted milks of the market. This picture cannot 
be mistaken for any product of similar composition. The malt extract solids and 
the milk solids are incorporated into homogeneous irregular fragments having a 
stippled surface. 

C represents a "svveet-chocolate-flavor malted milk” purchased on the market, 
prepared by simultaneously evaporating in vacuo milk, malt infusion, cocoa and 
sugar. It is easy to recognize the characteristic malted milk masses (a), shown in 
the picture immediately preceding. They are slightly thicker and appear darker in 
the picture because the cocoa is intimately associated with them, 

D represents a mechanical mixture of spray-dried skim milk (D, Fig, 26), spray- 
dried malt extract (B, Fig. 26), cocoa and sugar. No trouble is experienced in identi- 
fying these materials. 

E represents a mechanical mixture of malted milk (B), cocoa, and sugar. Exam- 
ination shows that malted milk (a) is present. 

F represents a product found on the market under the label “malted milk.” It 
shows none of the characteristics found in genuine malted milk, as is readily seen 
by a comparison with B. Individual milk masses (a), fat globules (e), and malt ex- 
tract masses (b) closely resembling the spray-dried products (A and B, respectively, 
Fig, 26) predominate. Home particles show the stippled surface of genuine malted 
milk, but they are sijhcrical instead of angular. A comparison of this picture with 
the picture showing the mechanical mixture of spray-dried whole milk and spiay- 
drie<l malt extract (C, Fig. 26) shows a striking similarity. 
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maximum of 25. When the square root is not a whole number, sample one extra 
case. Select the cases to include each churn or batch mark when so marked. With 
less than 5 cases sample all, taking 5 prints as a minimum. Remove the wrapper 
and transfer each print to a separate sample container. (With prints of one pound 
or over the print may be quartered and two alternate quarters placed in the same 
container as the sample.) With 8 oz and 4 oz prints, take the whole print as the 
sample. 

The above directions provide a minimum sampling, to be increased if the object 
of the examination demands. 

(c) Sample containers . — Use a glass jar, preferably with glass top, of such type 
as will prevent loss of moisture by evaporation or entrance of HjO into the jar. 
Tops containing a liner of any material should not be used. 

76 PREPARATION OF SAMPLE— OFFICIAL 

Soften the entire sample in a closed vessel at as low a temp, as possible. Shake 
vigorously until a perfectly homogeneous, semi-solid mass is obtained. Weigh the 
portions for analysis at once. If the sample is kept for any length of time, soften 
and shake it until semi-solid before withdrawing portions for analysis. 

77 . Mecha7iical Stirrer Method^’’— Tentative 

Soften the sample, 250-500 g, in a closed vessel, to such an extent that on stirring 
for 2-3 min. the product will reach a temp, of 31-34°. Stir with a malted milk 
stirrer for 2-3 min. with an up-and-do\\ n movement of the stirring device, at the 
same tfme slowly moving the vessel horizontally so that the stirrer reaches all parts 
of the sample. The final temp, must be 31-34°. If the temp, is below 31°, continue 
the softening and stirring until this temp, is reached. A temp, above 34° usually 
indicates that the sample has been softened too much, and is likely to separate. In 
this case, cool the sample until solid and repeat the softening and mixing. Weigh the 
portion for analysis within 3-4 hours if the room temp, is approximately 25°, or 
within 30 min, if the room temp, is 28° or above- Do not permit the butter to cool 
below 23° before weighing the portions for analysis. 

78 MOISTITRE- OFFICIAL 

Weigh accurately 1.5 -2.5 g of the sample into a flat-bottomed dish having a sur- 
face of at least 20 sq. cm, dry at the temp, of boiling H 2 O, and weigh at hourly 
intervals until the weight becomes constant. The use of clean, dry sand or asbestos 
is admissible. 

MOISTURE, FAT, AND SALT »— TENTATIVE 

79 APPARATUS 

Gooch crucible . — Prepare a Gooch crucible of about 30 cc capacity with a 0.1 g 
pad of asbestos and place thereon 20 g of R. R. alundum, 90-mesh. (This is crys- 
talline alumina especially prepared for C determinations.) After use, again prepare 
the crucible for further use by igniting in a muffle, washing with II 2 O, and drying 
at 100-105°. 

80 DETERMINATION 

Weigh accurately in the weighed, specially prepared Gooch crucible 1.0-1. 5 g of 
the prepared sample, 76, dry for 2 hours at 100-105°, cool, weigh, and calculate the 
loss in weight as moisture. Extract the fat from the dried sample by placing the 
Gooch crucible in a closed-system extraction apparatus and extracting for 30-40 
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min. with CCI4. Adjust the heat so that the solvent drops into the crucible at the 
same rate as the crucible drains and keep the crucible nearly full of the solvent. 
When the extraction is complete, remove most of the solvent remaining in the 
crucible by applying suction for a few seconds. Dry the crucible for 30 min. at 100- 
105", cool, weigh, and calculate the percentage of non-fat solids. Calculate the per- 
centage of fat by subtracting the sum of the percentages of moisture and non-fat 
solids from 100. 

To determine the salt, wash it out of the non-fat solids with H 2 O and titrate the 
aqueous sola with standard AgNOs soln, using KjCrO* indicator. 

PAT 

81 Indirect Method — Official 

Take up the dry butter, obtained in the moisture determination in which no ab- 
sorbent was used, in absolute ether or in petroleum ether; transfer to a weighed 
Gooch crucible, with the aid of a wash bottle filled with the solvent; and wash until 
free from fat. Dry the crucible and its contents at the temp, of boiling HjO until the 
weight is constant and determine the fat by difference. 

82 Direct Method — Official 

From the dry butter, obtained in the determination of moisture either with or 
without the use of an absorbent, extract the fat with anhydrous, alcohol-free ether, 
or with petroleum ether (b.p. below 65°), receiving the .soln in a weighed flask. 
Evaporate the ether, dry the extract at the temp, of boiling H 2 O, and weigh at 
hourly intervals until the weight is constant. 

83 CASEIN, ASH, AND SALT— OFFICIAL 

Cover the crucible containing the residue from the fat determination by the in- 
direct method, 81, and heat, gently at first; then raise the temp, gradually to just 
below redness. The cover may then be removed and heating continued until the 
contents of the crucible are w'hite. The loss in w'eight represents casein, and the 
residue in the crucible, mineral matter. Dissolve this mineral matter in H 2 O slightly 
acidified with HNOs and determine Cl, either gravimetrically as directed under XII, 
35, or volumetrically as directed under XII, 37, and calculate the NaCl. 

84 SALT— OFFICIAL 

Weigh in a counterpoised beaker 5-10 g of the sample; add about 20 cc of hot 
H 2 O; and after the butter has melted transfer the w^hole to a separatory funnel. In- 
sert the stopper and shake for a few moments. Let stand until all the fat has col- 
lected on the top of the H 2 O; then draw off the HjO into a flask, being careful to let 
none of the fat globules pass. Again add hot H 2 O, rinsing the beaker, and repeat the 
extraction 10 to 15 times, using 10-20 cc of H 2 O each time. The washings will con- 
tain all but a mere trace of the NaCl originally present in the butter. Determine the 
quantity in the whole or in an aliquot of the liquid by titration with standard 
AgNOj soln, using K 2 CrO* indicator. 

85 EXAMINATION OF FAT— OFFICIAL 

Melt the butter and keep in a dry place at about 60“ for 2-3 hours, or until the 
H 2 O and curd have entirely separated. Filter the clear, supernatant fat thru a dry 
filter paper in a hot water funnel or in an oven at about 60“. If the filtered liquid fat 
is not perfectly clear, refilter. Determine physical and chemical constants as directed 
under XXXI. 
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86 PRESERVATIVE&-OFFICIAL 

Prom’ll as ilirei’tcil under 29 and under XXXII. 

87 COLORING MATTERS— OFFICIAL 

Pour about 2 g of the liltered fat, dissolved in ether, into each of 2 test tubes. 
Into one of the tubes pour 1-2 cc of HCI (1 -1-2) and into the other about the same 
volume of 10% XaOH soln. Shake the tubes well and allow to stand. In the presence 
of azo dyes the test tube to which the acid lias been added will show a pink to wine- 
red coloration, while the alkaline soln in the other tube wdll show no color. If, on the 
other hand, annatto or other vegetable color is present, the alkaline soln will be 
colored yellow, while no color will be apparent in the acid soln. 

General test . — Proceed as directed under XXI, particularly 3 and 16(b), for the 
detection of oil-soluble coal tar dyes and annatto. 

88 MICROSCOPIC EXAMINATION OFFICIAL 

(a) Place on a slide a small portion of the fresh unmelted sample taken from the 
inside of the mass, add a drop of pure olive oil, apply a cover-glass with gentle 
pressure, and examine with a magnification of 1*20-150 diameters for crystals of 
lard, etc. Examine another portion of the sample with polarized light and selenite 
plate without the use of oil. Pure fresh butter will show neither crystals nor a parti- 
colored field with selenite. Renovated butter or other fats melted and cooled and 
mixed with butter will usually present crystals and variegated colors with the 
selenite plate. 

(b) For further microscopic study dissolve in a test tube 3-4 cc of the fat in 15 cc 
of ether. Close the tube with a loose plug of cotton wool and allow to stand 12-24 
hours at 20-25°. When crystals form at the bottom of the tube, remove with a pipet, 
glass rod, or tube; place on a slide, cover, and examine under a microscope. The 
crystals formed by later deposits may lie examined in a similar way. Compare with 
crystals obtained in the same way from samples of known purity. 

RENOVATED BUTTER” AND OLEOMARGARINE 

89 1. Foam Test— Tentative 

Heat 2-3 g of the sample in either a spoon or a dish over a small flame. True 
butter will foam copiously, whereas process butter will bump and sputter like hot 
grease, with little or no foaming. Oleomargarine behaves like process butter, but 
chemical tests will determine whether the sample is oleomargarine or butter. 

90 II. Melted Fat Test —Tentative 

Melt 50-100 g of butter or renovated butter at 50°. The curd from butter will 
settle, leaving a clear supernatant fat; in the case of renovated butter, the super- 
natant fat remains more or less turbid. 

CHEESE 

91 SELECTION AND PREPARATION OF SAMPLE -OFFICIAL 

When the cheese can be cut, take a narrow, wedge-shaped segment reaching from 
the outer edge to the center of the cheese. Cut this into strips and pass 3 times thru 
a sausage machine. When the cheese cannot be cut, take the sample with a cheese 
trier. If only one plug can be obtained, take it perpendicularly to the surface of the 
cheese at a point i the distance from the edge to the center and extending either 
entirely or half way thru it. When possible draw 3 plugs, 1 from the center, 1 from 
a point near the outer edge, and I from a point half-way between the other two. For 
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inspection purposes reject the rind, but for investigations requiring the absolute 
quantity of fat in the cheese include the rind in the sample. Grind the plugs in a 
sausage machine (the preferable method) or cut them very finely and mix thoroly. 

92 MOISTTTRE25— OFFICIAL 

Weigh 2-3 g of the prepared sample, 91, into a previously weighed metal dish 
(diameter about 55 mm, height about 15 mm, provided with a slip-in inverted cover 
fitting tightly on the inside), cover tightly, and reweigh. In the case of soft cheese 
and process cheese of high moisture content, weigh 1—2 g and partially dry on a 
steam bath. Dry the cheese in the loosely covered dish, placed in direct contact 
with the metal shelf of the oven, to constant weight (approximately 4 hours) under 
a pressure not to exceed 100 mm (4 inches) of Hg at the temp, of boiling H2O. 
During the drying admit into the oven a slow current of air (about 2 bubbles per 
second) dried by passing thru H28O.1. Discontinue the action of the vacuum pump 
and carefully re-admit air into the oven. Press the cover tightly into the dish, re- 
move the dish from the oven, cool, and weigh. Express the loss in weight as moisture. 

93 ASH25 -TENTATIVE 

W eigli into a Pt dish 3 5 g of the prepared sample, place on the steam bath, and 
dry for approximately 1 hour. (If the cheese is rich in fat, a small amount of ab- 
sorbent cotton may be placed in the dish.) Ignite cautiously to avoid spattering and 
remove the burner while the fat is burning. When the flame has died out, complete 
the ignition in a muffle at dull redness, not exceeding 550°. 

94 TOTAL CHLORIDE S^'— TENTATIVE 

W eigh accurately afjproximately 3 g of cheese into a 300 cc Erlenmeyer flask 
and add 25 cc of 0.1 A AgNOa, which is more than enough to combine with all 
the (fl. Add 10 cc of halogen-free HNO3 and 50 cc of H2O tind boil. As the soln 
boils add approximately 15 cc of 5% KMn04 soln in 5 cc portions. (The soln be- 
ctnnes yellowish and clear.) Dilute the soln to 200 cc in a graduated flask and filter. 
Titrate the excess .AgXOs in 100 cc of the clear filtrate with 0.1 W KSGN, using 
2 cc of a siiturated soln of ferric alum as indicator. Run a blank on the reagents 
used, following the same procedure, except to add sugar to destroy the excess of 
permanganate. Calculate the Cl found to NaCl and report as such. 

95 NITROGEN— OFFICIAL 

Determine N in an accurately weighed portion (about 2 g) of the prepared sample 
as directed under II, 21, 23, or 2S. The percentage of NXfi.38 = the percentage of 
N compounds, 

96 ACIDITY— OFFICIAL 

To 10 g of finely divided cheese add H2O at a temp, of 40° until the volume equals 
105 ec, shake vigorously, and filter. Titrate 25 cc portions of the filtrate, as repre- 
•seiiting 2.5 g of the sample, with standard XaOH, preferably O.l A", using phenol- 
phthalein indicator. Express the result in terms of lactic acid. 1 cc of 0.1 N NaOH 
soln =0.0090 g of lactic aci<i. 

97 COLORING MATTERS— TENTATIVE 

Extract 25-50 g of the prepared sample, 91, with ether, remove the ether by 
evaporation, and proceed as directed under XXI, 3 or 15. 

98 FAT OFFICIAL 

Hub up, by means of a glass rod, 1 g of the prepared sample with 9 cc of H2O and 
1 cc of NlfAHl ill a luinou 100 -125 cc beaker. Digest the mixtiire at a low heat 
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until the casein is well softened; neutralize with HCl, using litmus as an indicator; 
and add 10 cc more of HCl. Add about 0.5 g of sand previously digested with HCl 
to prevent bumping and boil gently for 5 min., keeping the beaker covered with a 
watch-glass. Cool the soln, transfer to a Rohrig tube or a similar apparatus, rinse 
the beaker with 25 cc of ether, and transfer the ether rinsings to the Rohrig tube, 
shaking thoroly. Add 25 cc of petroleum ether (b.p. below 65®), shake thoroly, and 
let the mixture separate. Proceed from this point as directed under 19, beginning 
with “Draw off as much as pos.sibIe of the ether-fat soln.” 

99 EXAMINATION OF FAT— OFFICIAL 

(a) Alkaline extraction. — Treat about 300 g of the cheese, cut into fragments the 
size of a pea, with 700 cc of 5% KOH soln at 20® in a large, wide-necked flask, shak- 
ing vigorously to dissolve the casein. In 5-10 min. the casein will be dissolved, and 
the fat will rise to the surface in lumps. Collect the lumps of fat into as large a 
mass as possible by shaking gently. Pour cold HaO into the flask until the fat is 
driven up into the neck and remove it by suitable means. Wash the fat thus ob- 
tained with just sufficient IPO to remove the residue of the alkali which it may con- 
tain. The fat is not perceptibly attacked by the alkali in this treatment, is practically 
all separated in a short time, and is then easily prepared for chemical analysis by 
filtering and drying as directed under 85. Examine the fat as directed under XXXI. 

(b) Acid extractioji. — Pass the cheese thru a grinding machine; transfer to a large 
flask; and cover with warm H 2 O, using 1 cc for every gram of cheese. Shake thoroly 
and add H 2 S 04 slowly and in small quantities, shaking after each addition of acid. 
The total quantity of acid used should be the same as the quantity of HjO cm- 
ploj’^ed. Remove the fat, which separates after standing a few min., by means of 
a separatory funnel; wash free from acid; filter; and dry as directed under 85. 
Examine the fat as directed under XXXI. 

TARTARIC ACID-^ 

100 Qualitative Ted — Tentative 

To 5 g of the ground cheese, add 40 cc of H 2 O at a temp, of about 50® and shake 
until the cheese is thoroly broken up. .\dd 3 cc of a 1 % Il 2 SO< soln and shake vigor- 
ously; then add 2 cc of a 20% soln of phosphotungstic acid and again shake vigor- 
oush". Let stand for 5 min. and filter. To 25 cc of the filtrate add sufficient saturated 
Ba(OH )2 soln to make alkaline and 25 cc of 95% (by volume) alcohol, shake vigor- 
ously, and allow to settle. Filter thru a Buchner funnel, using light suction, and 
wash the residue on the filter several times with H 2 O. Transfer a portion of the paste 
to a small evaporating dish and dry on the steam bath. Add a few cc of H 2 SO 4 and 
a few crj’stals of resorcin, and heat slowly. If tartaric acid is present, there is pro- 
duced a rose-red color that is slowly discharged on dilution with H 2 O. 

Quantitative M ethod^^ — Ojficial 

101 REAGENTS 

(a) Pota-’isium chloride wash soln. — Dissolve 15 g of KCl in 100 cc of I DO and 
add 20 cc of 95% (by volume) alcohol. 

(b) Tartaric add — Dissolve 1,5 g of pure tartaric acid in previously boiled 
and cooled H 2 O and dilute to 100 cc at 20®. Titrate with 0.1 N NaOH soln to deter- 
mine the quantity of tartaric acid in 10 cc of the soln. 

102 DETERMINATION 

Weigh 25 g of the ground cheese into a 500 cc wide-mouthed salt bottle and add, 
25 cc at a time, 100 cc of IDO at a temp, of 50- 60®, shaking vigorously after each 
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addition. If necessary, continue the shaking until the cheese is thoroly broken up. 
Then add 25 cc of 2% Na oxalate soln and shake vigorously for 1 min. Add 100 cc 
of 2% HCI soln, 25 cc at a time, shaking vigorously after each addition. Add 50 g of 
powdered KCl, and shake for 6 min. To avoid churning, keep the mixture warm 
(at about 50°) during the shaking. Transfer the contents of the bottle, with the aid 
of H2O, to a 300 cc volumetric flask, cool to 20°, and make up to the mark with HjO. 
Mix thoroly; let stand for 10 min., with occasional shaking, and filter thru a dry 
folded filter, discarding the first few cc of the filtrate. Disregard any opalescence 
and transfer 200 cc of the filtrate to a 250 cc volumetric flask. Neutralize with 1 N 
NaOH soln, using phenolphthalein indicator, and then add 5.2 cc in excess. Make 
up to the mark with H20, mix thoroly, let stand for a few min., and filter thru a dry 
folded filter, discarding the first few cc of the filtrate. To 100 cc of the filtrate in a 
250 cc beaker add, with constant stirring, 10 cc of the tartaric acid soln, 2 cc of 
glacial acetic acid, and 23 cc of 95% (by volume) alcohol. Cool in an ice bath, stir 
vigorously until the cream of tartar begins to crystallize, and let stand in a refriger- 
ator overnight. Prepare a Gooch crucible, having a removable disk, with a pad of 
asbestos about 10 mm thick. Decant most of the liquid thru this filter, wash the 
precipitate into the crucible with the KCl wash soln, and wash the beaker and pre- 
cipitate 3 times, using 20 30 cc of the wash soln in all. Place the asbestos and pre- 
cipitate in the beaker in w^hich the precipitation was made and wash the crucible 
with about 50 cc of hot HjO. Heat the soln to boiling and titrate the hot soln with 
0.1 A" NaOH soln, using phenolphthalein indicator. Calculate the percentage of 
tartaric acid in the cheese by means of the formula: 

X = 14.26[0.015(fi + 1.5)-A], in which 

A = g of tartaric acid in 10 cc of the tartaric acid soln reagent; and 

B =cc of 0.1 K NaOH soln required for the titration. 

In the factor 14.26 the concentration caused by the insoluble solids of cheese of 
average composition is also taken into consideration. 

CITRIC ACID^o 

103 Qualitative Test-Tentative 

To 10 g of the ground cheese, add 20 cc of H2O at a temp, of about 50° and shake 
vigorously until the cheese is thoroly broken up. Add 20 cc of H2SO4 (1 +1) and 2 
cc of a 20% soln of phosphotungstic acid, and shake vigorously. Let stand for 5 
min. and filter. To 20 cc of the filtrate add 10 cc of Br water and 5 cc of KBr soln 

(15 g in 40 cc of HjO) and proceed with the oxidation as directed in the quantitative 

determination. Add sufficient FeS04 soln to dissolve the precipitated MnOj. If 
citric acid is present, a heavy white precipitate that settles rapidly is formed. 

104 Quantitative Method^^ — Official 

Weigh 25 g of the ground cheese into a 500 cc wide-mouthed salt bottle, and add, 
25 cc at a time, 100 cc of H^O at a temp, of 50-60°, shaking vigorously after each 
addition. If necessary, continue the shaking until the cheese is thoroly broken up. 
Then add 25 cc of 2% Na oxalate soln and shake vigorously for 1 min. Add 100 cc 
of 1% H2SO4 soln, 25 cc at a time, shaking vigorously after each addition. Add 3 cc 
of 20% phosphotungstic acid soln and shake; then add 25 g of powdered anhydrous 
Na2S04, and shake for 5 min. To avoid churning, keep the mixture warm (at about 
50°) during the shaking. Transfer the contents of the bottle with the aid of H2O to 
a 300 cc volumetric flask, cool to 20°, and make up to the mark with H2O. Mix 
thoroly, let stand for 10 min. with occasional shaking, and then filter thru a dry 
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folded liUer, diseuriling the first few ce of the filtrate. Heat 200 ee of the filtrate to 
boiling and, while still hot, add 20 ee of H2SO4 (1+1) and 2 cc of the phospho- 
tungstic acid soln. Mix and allow to stand for 15 miu. With the aid of H2O transfer 
the mixture to a 250 cc volumetric flask, cool to 20®, make up to the mark with 
HsO, and filter thru a dry folded filter. Transfer 100 cc of the clear filtrate to a 500 
cc Erlenme3’^er flask (about 0.3 g of washed and dried asbestos may be added). Add 
10 cc of a freshly prepared saturated soln of Br water and 5 cc of KBr soln (5 g KBr 
in 40 cc of H2O), mix thorolj", and heat to 48-50*^. Hold at this temp, for 5 min., 
add 25 cc of 5% permanganate soln, shake, and allow to stand for about 5 min. 
Cool the flask and contents to about 8°, add 40 cc of cold FeSO^ soln (20 g FeBOi- 
7H2O in 100 cc of H2O and 1 cc of H2SO4), shake continuously for 5 min., and let 
the mixture stand overnight in the refrigerator. Decant the supernatant liquid thru 
a Gooch crucible, measure the volume of the filtrate (a) and wash the precipitate 
into the crucible with this filtrate. Wash the precipitate with 3 successive 20 cc 
portions of ice-cold H2SO4 (l+lOO), sucking dry after each addition, and finally 
wash with 3 successive 20 cc portions of ice-cold H2O. Dry the precipitate to con- 
stant weight over H2S04 in a vacuum desiccator, protecting the precipitate from 
strong light or, to save time, dry in a current of air passed thru H2SO4. Weigh, and 
remove the pentabromacetoiie by extracting first with 3 successive 20 cc portions 
of 95% (b\' volume) alcohol and then with 3 successive 20 cc portions of ether. Dry, 
and weigh the crucible. To the weight of the pentabromacetone add 0.004 g for 
each 100 cc of filtrate (a) to compensate for solubilitv' of the pentabromacetone and 
multiply the result by 6.06 to obtain the percentage of anhydrous citric acid in the 
cheese. (In this factor consideration is taken of the concentration caused by the 
insoluble solids in 25 g of cheese. It is assumed that the solids of cheese are almost 
insoluble under the conditions maintained and that the average process cheese con- 
tains about 60% of solids. No allowance is made for variation in the salt or moisture 
content or for variation in the specific volume of the solids, as such variations do 
not appreciably affect the results.) 

LACTOSE IN PROCESS CHEESE^- 
105 Quantitative Method 

Weigh 25 g of the ground cheese into a 500 cc wide-mouthed salt bottle, and add, 
in 25 cc portions, 100 cc of H2O at a temp, of 50 -60'^, shaking vigorously after each 
addition. If necessary, continue the shaking until the cheese is thoroly broken up. 
Add 25 cc of 2% Na oxalate soln and shake vigorously for 1 min.; add 25 g of 
powdered Na2S04 and shake for 2 min.; add 10 cc of H2SO4 (1+1) and shake; 
and then add 25 cc of 20% phosphotungstic acid soln and shake vigorously. Transfer 
the contents of the bottle to a 500 cc volumetric flask, cool immediately to 20°, and 
make to the mark with H2O. Mix thoroly, allow to stand fur 10 mi[i. and then filter 
thru a dry folded filter. Transfer 150 cc of the filtrate to each of two 250 cc volu- 
metric flasks, add 10% XaOH soln to one flask until the mixture is alkaline to lit- 
mus, then add 5 g of solid KCl, and mix thoroly. Cool to 20° and make to the mark 
with H2O. Shake well, allow to stand for 10 rain., and filter thru a dry folded filter. 
Determine the lactose in a 50 cc aliquot as directed in XXXIV, 57. Treat the con- 
tents of the other volumetric flask as directed in XXXIV, 23(c), using 10 cc of HCl, 
etc. Add 10% NaOH soln until alkaline to litmus, and add 5 g of solid KCl. Mix 
thoroly, cool to 20°, and make to the mark with H2O. Let stand for 10 min. Filter 
if necessary thru a dry filter paper. Determine the lactose in a 50 cc aliquot as before. 
An agreement between the amount of cuprous oxide reduced before and after in- 
version establishes the absence of sucrose. 
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Since the insoluble material of cheese and the precipitated phosphotungstic acid 
occupies some space in the flask as originally made up, it is necessary to correct for 
this volume- From the average composition of cheese the volume of the precipitate 
was calculated to be 14 ec. To obtain the true amount of lactose present, multiply 
all results by the factor 0.97. 

GUMS IN CHEESE’* 

106 Qualitative Tefft 

To 50 g of sample in a 400 cc beaker add 10 g of HaSiOs (not coarse silica). To 
prevent emulsification remove some of the fat by stirring the mixture with petro- 
leum ether in generous portion, having the beaker surrounded by warm H20. De- 
cant the ether and remove the last traces by warming and stirring. Add 50-80 cc of 
H2O, a little at a time, with continuous rubbing, warming if necessary, until the 
mixture has the consistency of thin cream. Stir in slowly two volumes of alcohol and 
allow to stand 1 hour or longer. Filter with suction on a Biichner funnel. Return the 
precipitate to the beaker and re-extract several times with the warm petroleum 
ether to remove all fat. Again rub the precipitate into a thin cream paste with about 
50 cc of HjO, add two volumes of alcohol, and allows to stand 1 hour or longer. 
Filter, and wash with petroleum ether and then wuth alcohol in generous quantity. 
Remove the filtrate from the paper immediately, break up the precipitate, and dry 
at 100'’ for 2 hours, or as much longer as may Ije necessary to remove the formal- 
dehyde formed during drying. Pulverize before completing the drying and add the 
precipitate to 150 cc continuously boiling H^O; filter rapidly. Make the filtrate 
acid with 3-5 drops of glacial acetic acid, add 5 cc of a 10% soln of CaCh, and boil 
a few minutes. Add 28% NH4OH dropwise with stirring to point of maximum pre- 
cipitation, as shown by a clear supernatant liquid on standing after boiling. Filter, 
and evaporate the filtrate, which should be clear, to 30 cc. To 15 cc add 15 cc of 
glacial acetic acid and 90 cc of alcohol. If no flocculent precipitate forms in 30 min., 
gum is absent. A flocculent precipitate may be gum, agar, or milk proteins. Cloudi- 
ness in the soln is not produced by gum. To the other 15 cc of filtrate add an equal 
volume of 28% NH^OH. Filter, and add three volumes of alcohol to the filtrate. 
A flocculent precipitate may be gum or milk proteins. With 0.1 % or more gum pres- 
ent the characteristic flocculent gum precipitate is formed. With less gum confusion 
with milk protein may arise. For verification, filter, w'ash well wdth alcohol, dry, 
and then dissolve the precipitate with boiling H2O. Evaporate the soln to 10 cc, add 
an equal volume of HCl and a few crystals of phloroglucin, quickly bring to a boil, 
and boil 00-90 seconds. Gums give a red amber to deep red color, depending on the 
quantity present. Gums, excepting arabic, are precipitated in alkaline or acid soln 
by the alcohol. For arabic the solns must be acid. Ka-raya is best precipitated at 
a low acidity. 

ICE CREAM (PLAIN) 

107 PREPARATION OF SAMPLE -OFFICIAL 

Allow the sample to soften at room temp. Owing to the fact that melted butter 
fat tends to separate out and rise to the surface, it is not advisable to soften the ice 
cream by heating on a water bath or over a flame. Mix thoroly by stirring with a 
spoon or egg beater or by pouring liack and forth between beakers. 

108 NITROGEN -OFFICIAL 

Place 4 5 g of the sample in a digestion flask and proceed as directed under II, 

25 , 
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FAT 

109 Roese-Gottlieh Method — Oficial 

Weigh 4 g of the thoroly mixed sample into a small dry beaker; add 3 cc of H2O; 
thoroly mix with a glass rod; and transfer to a Rohrig tube or a similar apparatus, 
washing out the remaining portion with the aid of an additional 3 cc of H2O. Add 
2 cc of NII4OH, mix thoroly, and heat in a water bath at 60“’. From this point pro- 
ceed as directed under 19, beginning with “Add 10 cc of 95% alcohol and mix well.” 

110 COLORING MATTERS— TENTATIVE 

Curdle 150-200 g of the melted sample by adding an equal volume of HjO and 
10-20 cc of acetic acid. Heat the mixture to 70-80°, stirring meanwhile, and allow 
to cool. Continue as directed under 30 and 87 and under XXI, particularly 3 and 
21 for the detection of oil-soluble coal tar dyes and annatto. 
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XXIIL EGGS AND EGG PRODUCTS 

1 COLLECTION AND PREPARATION OF SAMPLE’— TENTATIVE 

No simple rules can be made for the collection of a sample representative of the 
average of any particular lot of egg material as the conditions encountered may 
differ widely. Experienced judgment must be used in each instance. If large lots 
are under examination, it is best to draw a number of samples for separate analyses 
rather than to attempt to get one composite representative sample. 

(a) Liquid eggs. — Secure representative container or containers. Mix the con- 
tents of a container thoroly and draw about 300 g. A long-handled dipper or ladle 
serves w^ell. Keep the sample hermetically sealed in a jar in a cool place. Report odor 
and appearance. 

(b) Frozen eggs . — Secure representative container or containers. Examine con- 
tents as to odor and appearance. The condition of the contents can be determined 
best by boring a hole to the center of a container with an auger and noting the odor 
as the auger is withdrawn. If impossible to secure individual containers, samples 
may conshst of the comjjosite of the borings from the contents of each container. 
Take the borings midway between the center and circumference of the top of the 
can from at least 3 widely se[)arated parts and extend them as near the bottom of 
the can as possible, ('ollect about 300 g of the sample. Keep the sample hermetically 
scaled in a jar in a cool place and in a frozen state if possible. Before analyzing vrarm 
the sample in a bath held below 50° and mix well. 

(c) Dried eggs . — Secure representative container or containers. Eor small pack- 
ages, take entire parcel or parcels for the sample. For boxes and barrels, remove the 
top layer to a depth of about fi inches with a flour scoo]) or other convenient instru- 
ment. Draw small quantities of sample totaling about 300 500 g from accessible 
parts of the container and pLace in .a hermetically sealed jar. Report odor and ap- 
pearance. Prepare the sample for analysis by mixing 3 times thru a domestic flour 
sifter to assure complete breaking up of lumps. Keep in a hermetically sealed jar 
in a cool place. 

(d) Flaked and drum dried eggs. — Collect the sample as directed for powdered 
dried eggs. Report odor and appearance. Prepare albumin samples for analysis by 
grinding in a mill to pass entirely thru a 60-mesh sieve, and whole egg and yolk 
samples to pass entirely thru a 20-mesh sieve or as fine as is practicable. Keep in a 
hermetically sealed jar in a cool pLace. 

TOTAL SOLIDS 

/. Vacuu7n Method'^ — Official 

2 APPARATUS 

T'acwam oven. — (kmiiected with a pump to maintain a partial vacuum in the oven 
with a pressure equivalent to 25 mm or less of Hg and jjrovided with a thermometer 
passing into the oven iu such a way that the bulb is near the samples. Connect an 
IDSO^ gas drying bottle with the oven for admitting dry air to release the vacuum. 

3 DETnilMINATION 

(a) Liquid eggs. — Weigh accurately by difference by means of a weighing buret 
about 5 g of the sample 1 (a) or (b) in a covered dish that previously has been dried 
at 98-100°, cooled in a desiccator, and weighed soon after attaining room temp. 
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Remove the cover and drive off most of the HjO by heating on the steam bath. 
Replace the cover loosely and complete the drying in the vacuum oven as directed 
under (b). 

(b) Dried eggs. — Weigh accurately about 2 g of the sample, 1(c), in a covered dish 
that previously has been dried at 98-100°, cooled in a desiccator, and weighed soon 
after attaining room temp. Loosen the cover (do not remove) and heat at 98-100° 
to constant weight (approximately 5 hours) in the vacuum oven. .Admit dry air 
into the oven to bring to atmospheric pressure. Immediately tighten the cover on 
the dish, transfer to a desiccator containing a fresh eOicient desiccant, and weigh 
soon after room temp, is attained. Report the weight of egg residue as total solids. 

ORGANIC AND AMMONIACAL NITROGEN^ OFFICIAL 

4 PREPARATION OP SAMPLE 

(a) Liquid eggs. — Weigh 2 3 g of the well-mixed sample, 1(a) or (b), by difference 
into a 500 cc Kjeldahl flask. 

(b) Dried eggs . — Transfer about I g of the sample, 1(c), accurately weighed, to a 
500 cc Kjeldahl flask. 

5 DETERMINATION 

Determine X as directed under II, 21, or preferably 23 or 25. (C'omplete digestion 
of the sample is accomplished most rapidly by the Kjeldahl-Gunning- Arnold 
method.) Distil the NH, into 30-50 cc of 0.1 .V standard acid. 

WATER-SOLUBLE NITROGEN AND CRUDE ALBUMIN NITROGEN^ OFFICIAL FOR LIQUID 
EGGS, TENTATIVE FOR DRIED EGGS 

6 PREPARATION OF .'SOLUTION' 

(a) Liquid cgjs.- -W eigh accurate!}', by difference, into a 2.50 cc volumetric fl:».sk 
containing 150 cc of HoO, approximately 10 g of the well-mixed .sample, 1 fa) or (b), and 
mix gently. Add 5 cc of 0.01 A' acetic acid sola for each g of egg substance, fill to 
mark with HjO, shake gently, and filter thru an 18§ cm folded filter, covering the 
filter with a watch-glass during filtration. If the filtrate is cloudy, allow the filtration 
to continue until drops of filtrate become clear, change the receiving container, re- 
turn the cloudj' filtrate to the filter, and ])rocee(l as directed under 7. 

(b) Dried eggs . — From the sample, Kc), transfer 1 g of whites, 3 g of whole egg.s, 
or 5 g of yolks into an 8 ounce nursing bottle, add 59 cc of petroleum ether, mix 
gently, centrifuge, and decant the solvent. Repeat the treatment with petroleum 
ether. Place the bottle on its side, rolling it occasionally, until the residue is dry, 
and Vireak up the dry residue with a glas-s rod having a flattened end. Add 100 cc 
of HjO f.slowly at first with gentle mixing until sample disintegrates), tlien a<Id 
5 cc of 0.01 A acetic acid soln for each g of egg substance and suffieient I GO to 
make a total of exactly 200 cc of H 2 O and acid. Mix gently and allow to stand 2 
hours, continuing the mixing at intervals. Centrifuge, filter, and jiroceed as directed 
under 7. 

7 DETEKMlN.VnoV 

(a) W aier-soluble nitrogen . — Transfer .50 cc of the clear prepared filtrate into a 
500 cc Kjeldahl fla.sk, and determine X as directed under II, 25, using mercuric 
oxide. Calculate the X find report as percentage of water-soluble N. 

lb) (Jrude alhumin nitrogen . — Transfer 100 cc of the clear prepared filtiiite to a 
200 cc volumetrn; flask, add 15 cc of XaCl soln (28 g \a('l diluted to 300 cc), (ill 
nearly to mark with 95% alcohol, and mix. Gool to room temj)., fill to mark with 
95%. alcohol, shake, and allow' to stand overnight. Filter, transfer 100 cc of the 
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fiUxaie Ui ii 500 cc Kjeldahl (la,«k, and determine N as directed under II, 25, uning 
mercuric oxide. Calculate th(^ percentage of N, subtract it from the percentage of 
water-soluble N, juhI report the difference as percentage of crude albumin N. 

FAT BV ACID HYDROLYSIS^— TENTATIVE 

8 PREPARATION” OF SOLUTION 

(a) Liquid eggs. — From the well-mixed sample, 1(a) or (b), weigh accurately by 
difference into a fat extraction tube (Mojonnier tube is convenient) approximately 
2 g of yolks, or 3 g of whole eggs, or 5 g of whites. Add slowly with vigorous shaking 
10 cc of HCl, set the tube into a water bath heated to 70®, bring to boiling, and con- 
tinue the heating at boiling for 30 min., shaking the tube with care at 5 min. inter- 
vals. Remove the tube from the water bath, add H 2 O nearly to fill the lower bulb of 
the tube, and cool to room temp. 

(b) Dried eggs. — Transfer 1 g of the well-mixed sample to the fat extraction 
tube; add slowly, washing down any egg particles adhering to the sides of the tube, 
10 CO of HCl (4-|-l); and proceed as directed in (a). 

9 determination 

To the extraction tube containing the sample treated as directed under 8, add 
25 cc of ethyl ether, and mix. Add 25 cc of redistilled petroleum ether (b.p. below 
fi0“), mix, and allow to stand until the ether layer is clear. Decant the clear ether 
layer into a weighed 125 cc beaker flask containing 2-3 small porcelain chips, and 
evaporate the ethers slowly on a water bath. Re-extract the liquid remaining in the 
tube twice more, using 15 cc of each ether and mixing after the addition of each 
ether. Allow to stand until the ether layer is clear, decant into the 125 cc beaker 
Mask, and evaporate slowlj” on a water bath. Dry the beaker flask and contents 
at 100® to minimum weight (approximately 90 min.). Allow the flask to stand in the 
air until no further change in weight takes place (approximately 30 min.), and 
weigh. Correct this weight by a blank determination on the reagents. Report as 
percentage of fat by acid hydrolysis. 

LIPOIDS AND LIPOID PHOSPHORIC ACID (PtOO*— TENTATIVE 

10 kea(;ents 

(a) Mixed .solyeid.—Eciual volumes of dlClj and absolute alcohol. 

(b) Alcoholic sodium hydroxide. — Prepare a saturated soln free from carbonates 
by dissolving 100 g of NaOlI in 100 cc of H 2 O. Allow the mixture to stand until 
clear, or filter tliru a hard filter paper which has been soaked in alcohol (5 cc of the 
NaOil soln contains approximately 4 g of NaOH). Dissolve 50 cc of this soln in 
900 cc of 95% alcohol and dilute with 95% alcohol to 1 liter. 

11 jniEeARATION OF SOLUTIO.V 

(a) lAquid Weigh accurately by difference approximately 4 g of the well- 

mixed sample, (a) or (b), into a 100 cc volumetric flask, add very slowly (dropwise) 
from u pipet, 25 cc ot the mixed solvent, shaking constantly until the proteins be- 
come coagulated and then thoroly broken up. Add 60-65 cc more of the solvent 
and allow to stand 1 hour, shaking at 5 min. intervals, till to the mark with the sol- 
vent, shake, and allow the mixture to stand until clear. 

(b) Dried eggs.— Transfer 2 g of the well-mixed sample, 1(c), into a 100 cc volu- 
metric flask, add 85~90 cc of the mixed solvent, and allow to stand 1 hour, mixing at 
5 mill, intervals. Proceed as directed in (a). 
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12 DETERMINATION 

(a) Lipoids. — Transfer a 50 cc aliquot to a 150 co beaker and evaporate the 
extract to dryness on a steam bath. (An electric fan or a gentle blast of dry air may 
be used to hasten evaporation.) Place the beaker into an oven at 100“ for 5-10 min. 
to remove any remaining moisture. Dissolve the dry extract in 5-10 cc of CHCls, 
and filter the soln into a weighed 100 cc Pyrex beaker thru a pledget of cotton 
packed into the stem of a funnel, transferring all soluble extract from the bottom 
and sides of the beaker by means of CUCb from a wash bottle. Finally wash the 
funnel and stem tip. (The filtrate should be clear.) Evaporate the CHCU on a steam 
bath, and dry the beaker and contents in an oven at 100“ to minimum weight 
(approximately 90 min.). Allow the beaker to stand in the air until no further 
change in weight takes place (approximately 30 min.), weigh, and report the per- 
centage of lipoids. 

(b) Lipoid phosphoric acid (PjOs). —Dissolve the dried lipoids in 2-3 cc of CHClj, 
add 10-20 cc of the alcoholic XaOH soln, evaporate to dryness on a steam bath, 
using care to avoid spattering, and place the beaker into an oven at 100“ for 30 
min. to remove any remaining moisture. Transfer the beaker while hot to an electric 
muffle heated to 500“ (faint redness), and allow it to remain at that temp, for 1 
hour. Cool, add a few drops of HaO, break up the charge with a glass rod (flattened 
end), cover the beaker with a watch-glass, add slowly 5 cc of HNOs (l-f3), mix, 
remove the watch-glass, and filter, collecting the filtrate in a 300 or 500 cc Erlen- 
meyer flask. Thoroly wash the charred material and Alter paper with HaO from a 
wash bottle. 

In the prepared filtrate determine phosphoric acid (P2O5) as directed under 11, 
12, using 20 50 cc of the molybdate soln. Report the percentage of lipoid PaOe in 
the eggs. 

13 UN SAPONIFIABLE MATTER'— TENTATIVE 

Extract the lipoids as directed under 12(a). Determine the unsaponifiable 
matter in the extracted lipoids by the official F.A.C. method (XXXI, 37). 

TOTAL PHOSPHORIC ACID (P»0,)^0FFICIAL 

14 PREPARATION OF SOLUTION 

(a) Liquid eggs. — From the well-mixed sample, 1(a) or (b), weigh accurately, by 
difference, into a 250 cc low-form Pyrex beaker, approximately 2 g of yolk, 4 g of 
whole eggs, or 10 g of whites. Add 20 cc of 10% Na^CO^ soln and evaporate to dry- 
ness on an electric hot plate or overnight at 100 105“. Transfer the beaker while 
hot to an electric muffle heated to 500“ ^ faint redness), and allow it to remain at this 
temp, for 1 hour. Cool, add a few dro[)s of break up the charge with a glass rod 
with a flattened end, and cover the beaker with a watch-glass. Then add slowly and 
with continuous stirring 10 cc of HXOj (1 -f 3) and filter, collecting the filtrate in a 
300 or 500 cc Erienmeyer flask. Thoroly wash the charred material and filter with 
H2O from a wash-bottle. 

(b) Dried eggs. — Transfer 1 g of the well-mixed sample, 1(c), to a 150 cc low-form 
Pyrex beaker, add 20 cc of 10% NajCOs soln, and proceed as directed under (a). 

15 DETERMINATION 

In the prepared filtrate determine the PjOe, as directed under 12(b) and II, 12, 
using 40-50 co of the molybdate soin. Report as total P2O5. 
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CHLORINE’ ^OFFICIAL 

16 PREPARATION OP SOLUTION 

-•(a) Liquid eggs. — From the well-mixed sample, 1(a) or (b), weigh accurately, by 
difference, approximately 4 g of yolk, 7 g of whole eggs, or 10 g of whites into a 150 
cc low-form Pyrex beaker; add 20 cc of 10% NaaCOa soln, mix, and evaporate to 
dryness on an electric hot plate or overnight at 100°. Transfer the beaker vsrhile hot 
to an electric muffle heated to 500° (faint redness), and allow it to remain at that 
temp, for I hour. Cool, add a few drops of H 2 O, and break up the charge with a glass 
rod. Add 50 cc of H^O, cover the beaker with a watch-glass, add slowly 20 cc of 
HNO3 (1-1-3), mix, remove the watch-glass, and filter, collecting the filtrate in a 200 
cc volumetric flask. Wash the charred material and filter thoroly with H 2 O from a 
wash bottle, keeping the total volume of filtrate to 180 cc or less. 

(b) Dried eggs. — From the well-mixed sample, 1(c), transfer to a 150 cc low-form 
Pyrex beaker, 2 g of whole eggs or yolks, or 1 g of whites, and proceed as directed 
under (a). 

17 DETERMINATION 

Add 10 cc of 0.1 N AgNOs soln to the prepared filtrate and proceed as directed 

under XII, 35. 

DEXTROSE AND SUCROSE*')— OFFICIAL. FIRST ACTION 

18 PREPARATION OF SOLUTION 

(a) Liquid Weigh accurately by difference approximately 25 g of the 

wdl-mixed sample, 1(a) or (b), into a 250 cc volumetric flask containing 1 g of 
CaCOj and 50 cc of the 5% NaCl soln. Add with continuous mixing 130 cc of 95% 
alcohol. Allow to stand a few min. for gas bubbles to rise to the surface, cool to room 
temp., fill to the mark with JiiO, shake, and filter (18| cm folded filter). Transfer 150 
cc of the filtrate to a 250 cc beaker, evaporate to 20-30 00 to remove the alcohol, cool, 
wash with H 2 O into a 100 cc volumetric flask, holding the volume to 80-90 cc; add 
dry powdered pliosphotuiigstic acid in small quantities in slight excess to precipitate 
any protein, mix, Jet stand a few minutes for gas bubbles to rise to the surface, fill 
to the mark with H 2 O, shake, and filter. To the filtrate, add in very small portions 
sufficient dry powdered Ktll to precipitate any e.xcess phosphotungstic acid, filter 
if necessary, and test the filtrate for complete precipitation. 

(b) Dried eggs. — From the well-mixed sample, 1(c), transfer to a 250 cc volu- 
metric flask containing I g of CaCOs and 50 cc of 5% NaCl soln 2.5 g of whites, or 
10 g of yolks or whole eggs, and allow to stand 1 hour, mixing at 5 min. intervals. 
Add with Continuous mixing 130 cc of 95% alcohol, and proceed as directed under 
(a). 

ig DETERMINATION 

Reducing sugars direct. — Transfer 25 cc of the prepared filtrate to a 400 cc beaker, 
and proceed as directed under XXXIV, 37. Report as percentage of dextrose. 

Reducing sugars Transfer 50 cc of the prepared filtrate to a 100 cc volu- 

metric flask, add 5 cc of liCl, and allow to stand overnight. Neutralize with NaOH 
soln, Cool to room temj)., and fill to the mark with H 2 O. Iransfer 50 cc (or less) 
to a 400 cc beaker, and proceed as directed under XXXIV, 37. Deduct the per- 
centage of invert sugar obtained before inversion from that obtained after inversion, 
multiply the difference by 0.95, and report as percentage of sucrose. 
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GLYCEROL" 

N n t itaiivi: T cd — 7V live 

20 KEAUENTS 

Fuchsin sulfite soln. — Dissolve 0.2 g of fuchsin in 120 cjc of hot IDO, cool the soln, 
add a soln of 2 g of anhydrous sodium sulfite in 20 cc of H2O, following with 2 cc 
of HCl. Dilute the soln with II2O to 200 cc and allow the mixture to stand for 1 
hour before using, 

21 DETECTION 

Add 20 cc of ethyl alcohol to approximately 5 g of sample in an Erlenmeyer flask 
or beaker flask, shake vigorously, and filter thru a 12.5 cm fluted filter paper. Evapo- 
rate the filtrate rapidly until no odor of alcohol is perceptible, cool, and add 3-4 
drops of H2O and then 10-15 cc of anhydrous ethyl ether. Mix the solns carefully, 
allow to separate, and pour off as much as possible of the ether layer, disregarding 
cloudiness in this layer. Shake well with two 10 cc portions of anhydrous ether, 
pouring off the ether carefully in each case. (The volume of aqueous soln should not 
be less than 0.4-0. 5 cc.) Evaporate off the remaining ether on a steam bath and con- 
tinue the evaporation until 0. 1-0.2 cc of liquid remains, ("ool, and add 15 cc of a 
mixture of equal volumes of absolute alcohol and CHCls. ("ool, shake, and allow 
the mixture to stand for 5 min. to permit crystallization of sugar. Shake, and filter 
thru a fluted filter paper into a fiXl inch test tube (hard glass). Evaporate the 
filtrate rapidly (a small flame in front of a fan is convenient) until no odor of chloro- 
form or alcohol is perceptible. Add several grams of powdered potassium sulfate 
and insert a stopper with a glass tube leading into 2 cc of HjO in a test tube im- 
mersed in ice HiO. Heat with a small flame until frothing ceases and the contents 
of the tube are liquid. Remove the receiver, add immediately 4-5 drops of the 
fuchsin sulfite reagent, and warm to room temp. In the [>resence of glycerol a strong 
pink color (due to acrolein) develops within 1 min. and liecomes a deep violet 
w ithin 5 min. 

Quantilative Method — Tentative 
I Not ap})licalile in the presence of sugars.) 

22 HEAUEXTS 

fa) Mercuric nitrate soln. — Prepare as directed under XXII, 64. 

(b) Diphenylaniine indicator soln. — Dissolve 1 g of diphenylaminc in 100 cc of 

H2SO4. 

(c) Phosphoric acid-sulfuric acid sobi. — Add 150 cc of IDSO* and 150 cc of sirupy 
phosphoric acid to 500 cc of H2O and dilute with H2O to 1 liter. 

(d) Potassiurn dichromate .so/n.- Prepare as directed under XXXIII, 71(a). 

(e) Ferrous ammonium sulfate soln. — Prepare as directed under XXXIII, 71(c). 

(f) Basic lead acetate soln. — Prepare as directed under XXXIV, 18(a). 

fg) Thymol blue indicator Dissolve 0.1 g of thymol blue in 21.55 cc of 0.0 1 

X NaOH soln and dilute to 250 cc with H^O. 

23 DETERMINATION 

Weigh by difference approximately 5 g of sample into a 100 cc volumetric flask 
containing 50-75 cc of H2O, mix well, add 2 cc of the mercuric nitrate soln, again 
mix well, and make up to the mark wdth H2O. Mix, and transfer the contents of the 
flask to an 8-oz. centrifuge bottle. Add 5 g of light magnesium carbonate, stopper, 
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and shake vigorously for several min. Centrifuge for 1-2 min., pour off the super- 
natant liquid thru a fluted filter, and transfer 75 cc to a centrifuge bottle. Add 50 
cc of the basic lead acetate soln and then 50 cc of 2 JV KOH soln, mix, and add a 
drop of the thymol blue indicator soln. If the surface of the liquid does not turn 
deep blue, add more alkali. Let stand for 5 10 min., centrifuge until clear and pour 
off the liquid into a 250 cc volumetric flask. Shake the residue with 20 cc of HjO, 
centrifuge, and add the washings to the flask. Add 2 drops of thymol blue to the soln 
and add 112804 (1 +1) until a distinct pink color is obtained. Make up to the mark 
w'ith H2O, mix, and filter thru a dry filter paper. Transfer 200 cc of the filtrate to a 
400 cc beaker, evaporate rapidly to 75 cc, and then finish the evaporation on a 
water bath or slow hot-piate to 35-40 cc. Transfer the liquid to a 50 cc volumetric 
flask and make up to volume with H2O. Transfer 25 cc to a 250 cc volumetric flask, 
and add 20 cc of the K2Cr207 soln and 25 cc of K2SO4. Run a blank, using 20 cc of 
the dichromate soln and 25 cc of H2O. Heat in a hniling water bath for exactly 20 
min. Cool, dilute to volume, mix, and transfer some of the soln to a buret. Pipet 
20 cc of the Fe{NIl4)2(8()4)j soln into a beaker, add 100 cc of H2O, 15 cc of the 
phosphoric-sulfuric acid soln and exactly 3 drops of the diphenylamine soln, and 
titrate with the KaCr207 soln. When the green color has changed to a blue-gray, 
add the K-jCraO? soln slowly, swirling after each drop. The end point is reached 
when the addition of 1 drop of the K2CT2O7 soln changes the color to a deep violet. 
Subtract 0.05 eo from the reading to correct for oxidation of the indicator. 

100 (a -5) ^ 

Percentage glycerol = , in which 

Wa 

a =cc of KaCraO? titrated in unknown soln, 
b~c.c of KaCraO? titrated in blank soln, and 
]]^ = weight of sample in grams, 

ACIDITY OF ETHER EXTRACTi^— OFFICIAL 

(Not applicable to egg white.) 

24 REAGENTS 

(a) Benzene.— Use the best available quality of benzene. If it is not neutral, 
titrate 50 cc wuth the 0.05 X Xa ethylate and correct subsequent results accordingly. 

(b) Sodium ethylate.— 0.06 N. Dissolve a piece of metallic Na, approximately 1 
ec in volume, in 800 cc of absolute alcohol. Titrate 10 cc of 0.1 X HCl with this soln 
and add the calculated volume of absolute alcohol to make the soln 0.05 N. Ascer- 
hiin (lie tmrrnality factor liy titration agaimst 0.1 .V H(d on the day the soln is used. 

25 DETEHMl. NATION 

(a) Dried eggs.- AVeigli in a tared A1 dish about 63 inm in diameter 2 g of the 
powdered sample, 1(c), and dry at 55° under a pressure not exceeding 125 mni 
of Ilg, Weigh to the third decimal place at the end of 2 hours and make further 
weighings at half-hour intervals until no further loss in weight occurs. Extract 
the dried rc.sidue with anhydrous ether, preferably in a Knorr apparatus. Care- 
fully transfer the egg po\\'<ler to a 12.5 cm hardened filter paper, fold the paper once, 
place it on a. 15 cm qualitative filter paper, and roll the papers and contents into a 
cylinder that will fit .smigly into the extiaction tube, folding in one end of the cylin- 
der to prevent loss of material. (An asbestos plug Is not, needed in the extraction 
tube, and if tfie extjaetor is working rajiitlly, 3 hours is sufficient to insure propel 
extraction.) Evaporate tlie ether from the extraction flask, dry the extract for 1 
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hour at 55*^ under a pressure not exceeding 125 mm, and weigh to the third decimal 
place. Dissolve the extract in 50 cc of benzene, add 3 to 4 drops of phenolphthalein 
indicator, and titrate with the Na ethylate soln. The end point is reached when the 
yellow color changes to orange. Express the result as the number of cc of 0.06 N 
Na ethylate required per g of ether extract. 

(b) Liquid eggs. — Weigh to the third decimal place in a weighed Pb dish about 
5gof the sample, 1(a) or (b), and dry as directed under (a). Weigh after drying for 
about 5 hours and thereafter, at 1 hour intervals, until no further loss in weight oc- 
curs. To prepare the dried residue for extraction with ether, place the dish upon a 
12,5 cm hardened filter paper, cut the sides of the dish thru at 4 equidistant points, 
and flatten down. Place another similar filter paper on top of the dish and its con- 
tents and roll the papers and dish into a cylinder that will fit snugly into the extrac- 
tor, folding in one end of the cylinder to prevent any of the egg residue from drop- 
ping into the extraction flask. Proceed as directed under (a). 

AMMONIA NITROGEN^^TENTATIVE 
(For liquid eggs.) 

26 APPARATUS 

The apparatus consists of a train, items (a), (b), (c), and (d), each provided with 
a two-holed rubber stopper connected with glass tubing of suitable shape and length 
to permit proper passage of air, which is supplied by a pump with a pressure of 10 
lbs. per sq. in. Compensation for the pulsations of the pump to assure delivery of 
a steady pressure is accomplished by placing a tank of sufficient size between the 
pump and bottle (a). Suction may be used to draw air thru the train but pressure 
is preferred, 

(a) Wash bottle. — Contains H2SO4 (about 35%) for removal of ammonia from 
the air supply. The inlet tube is provided with a stopcock to regulate the air supply. 

(b) Trap. — To prevent mechanical transfer of H2SO4 into (c). 

(c) Aerating cylinder. — About 50 mm in diameter and 350 mm high. The inlet 
tube extends to within 5 in. of the bottom. The outlet tube is provided with a trap 
containing cotton or glass wool to prevent liquid from being carried over me- 
chanically. 

(d) Bottle, — Wide-mouthed, 8 oz. The end of the inlet tube terminates in a small 
bulb punctured with a few small hole.s to expedite ammonia absorption. 

27 DETERMIN.^TION 

Weigh approximately 25 g of sample, 1(a) or (b), in a convenient container. Pour as 
much as possible of this material into the aeration cylinder (c) and transfer the re- 
mainder by means of four 25 cc portions of ammonia-free HzO, stirring each time 
with a rubber policeman to remove any egg adhering to the sides of the weighing 
vessel. Add 75 cc of alcohol, mix well, and let stand for 15 min. Add approximately 
1 g of NaF, 5 cc of a 20% soln of NaCOs, and 1 cc of kerosene. If necessary at this 
point the determination may stand overnight before the addition of the Na2C03. 

Connect the train and aerate thru 10 cc of 0.02 N H2SO4 (if the sample has a bad 
odor, it may be necessary to use more than 10 cc of 0.02 N H2SO4}, 2 drops of methyl 
red indicator (saturated soln in 95% alcohol), and about 75 cc of ammonia-free 
HjO in the receiving bottle (d). 

Use as rapid a current of air as possible without splashing the egg soln into the 
trap following cylinder (c). Determine the time to aerate as follows: In a duplicate 
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train measure 20 cc of NH^Cl or (NH 4 ) 2 S 04 soln (about 5% stronger than 0.02 A^) 
into the aeration cylinder (c) and 20 cc of 0.02 Af HaSO^, 75 cc of HaO, and several 
drops of methyl red indicator into the receiving bottle (d), Aerate until the soln in 
the receiving bottle changes color. The sample should be aerated for 30 min. longer 
than the time required for this color change. 

Titrate the excess of acid in cylinder (d) with 0.02 A" NaOH (free from COj). 
Express results as mg of ammonia nitrogen per 100 g of sample on the wet basis. 
Correct the results for a blank determination on the apparatus and reagents. 

28 EXTRACTION AND IDENTIFICATION OF ADDED COLOR 

Determine as directed under XX, 72. 
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XXIV. FISH AND OTHER MARINE PRODUCTS* 

* See note at bottom of p. xvii. 
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XXV. FLAVORING EXTRACTS 

VANILLA EXTRACT AND ITS SUBSTITUTES 

1 SPECIFIC GRAVITY —OFFICIAL 

Determine the specific gravity at 20/20® by means of a pycnometer as directefi 
under XIV, 3. 

2 ALCOHOLr-OFFICIAL 

Proceed as directed under XVI, 3, 4, or 5, or calculate from the sp. gr. of the dis- 
tillate from the Wichmann Lead Number, 9, 

3 GLYCEROL— TENTATIVE 

Proceed as directed under XVII, 26, 27, or 28, selecting the method according to 
the quantity of sugar present. Use svich a quantity of the sample as contains 0-1- 
0.4 g of glycerol. 

VANILLIN AND CODMARIN (GRAVIMETRIC)'— OFFICIAL 

(This method is not applicable to concentrated vanillin and coumariu prepara- 
tions in which the quantity of vanillin and coumarin present in 50 cc exceeds the 
quantity dissolved by 100 cc of HoO at 20®. With such preparations use a smaller 
quantity of the sample and dilute to 50 cc.) 

4 PREPARATIOX OF SOLUTION 

Measure 50 cc of the extract at 20° into a 250 cc beaker hearing marks showing 
volumes of 80 cc and 50 cc, dilute to 80 cc, and evaporate to 50 cc in a w^ater bath 
kept at 70° or below. Dilute again with H 2 O to 80 cc and eva])orate to 50 cc. Trans- 
fer to a 100 cc flask, rinsing the beaker with hot lUO, ad<l 25 cc of 8 % neutral PI) 
acetate soln, make up to the mark with H 2 O, shake, and allow to stand 18 hours 
fovernight) at 37-40°. Decant into a small, dry filter, reserving the filtrate (Soln A) 
for the determination of vanillin and coumarin (5), the Pb number (Winton, 8 ) and 
the residual color (19). 

5 DETERMINATION 

(a) Vanillin . — Transfer a 50 cc aliquot of the filtrate (Soln A) to a separatory 
funnel and extract with 4 successive 15 cc portions of ether (previously washed 
twice with an equal volume of H.O to remove alcohol). Wash the combined ether 
solns 4 or 5 times with NH 4 OH (1 -bll), using 10 cc the first time and 5 cc there- 
after. Reserve the ether soln for the determination of coumarin. Slightly acidify 
the combined ammoniacal solns with HCl fl + 2 ), cool, and extract in a separatory 
funnel with 4 portions of washed ether, using about 40 cc altogether. Evaporate the 
ethereal solns at room temp., dry over Ff2S04, and weigh. (The vanillin residue often 
appears first in the form of oil-like droplets, which on standing crystallize into light 
Colored masses.) If, after standing in a desiccator, the residue is considerably dis- 
colored or gummy, extract the vanillin from it by treating with at least 15 successive 
portions of boiling petroleum ether (b.p. 40° or below); combine the petroleum ether 
extracts, evaporate to dryness, and weigh. 

The residue, if pure vanillin, should be white crystals melting at approximately 
80°. Dissolve a small quantity of the residue in 2 drops of H(^l anrl add a crystal of 
resorcin. Vanillin gives a ]nnk coloration. 

(b) C'oMmarfn.— -Evaporate at room temi>. the original ether extract obtained 
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under (a), from which the viiinllin has been rtunoved by meariHof NH4()}I Cl +11), 
dry over HaS04, and weigh. 

The residue, if i>urc eoumarii!, melts at approximately h7". Dissolve a small 
quantity of the residue in not more than 0.5 cc of hot H2O and add a few drops of 
0.1 N I soln. Coumarin yields a brown precipitate which finally gathers in green 
flecks, leaving a clear brown colored soln. The reaction is especially marked if the re- 
agent is applied with a glass rod to a few drops of the soln on a white plate or tile. 

VANILLIN (COLORIMETRIC -OFFICIAL 

6 REAGENT 

Fhosphotung!itic-i}hosijhomoi!jbdic acid. — To 100 g of pure Na tungstate and 20 g 
of phosphomolybdic acid (free from nitrates and NH4 salts), add 100 g of sirupy 
HaPOi (containing 85% H3PO4) and 700 cc of HaO. Boil over a free flame for 1^-2 
hours, cool, filter, if necessary, and make up with H2O to 1 liter. An equivalent 
amount of pure molybdic acid may be substituted for the phosphomolybdic acid. 

7 DETERMINATION 

Transfer to a 100 cc volumetric flask a quantity of the sample that contains from 
8-12 mg of vanillin (usually 5 cc). Add 75 nc of tap H2O at room temp, and 4 cc of 
Pb soln (50 g each of basic and neutral Fb acetate per liter). Dilute to 100 cc with 
H2O and mix. Filter thru a dry filter paper and pipe t 5 cc of the clear filtrate into a 
50 cc volumetric flask. Into another 50 cc volumetric flask pipet 5 cc of standard 
vanillin soln (1 cc=0.1 mg of vanillin). To each of these flasks add from a pipet 
5 cc of the reagent, allowing it to flow down the neck of the flask in such a way as 
to wash down the vanillin soln that may be on the sides of the flask. Mix the con- 
tents of the flasks by rotating and after 5 min. dilate the contents to 50 cc with 
saturated Na2C03 soln. Mix thoroly by inverting the flasks several times and allow 
to stand for at least 10 min. so that the precipitate that forms may separate com- 
pletely. Filter the solns thru dry filter papers and compare the blue colors of the 
clear solns in a colorimeter. Report result as g of vanillin per 100 cc of extract. 

LEAD NUMBER— OFFICIAL 

8 /, Wintori Method^ 

Determine Fb as sulfate or chromate, 10(a) or 10(b), in the filtrate from the Pb 
acetate precipitate (Soln A, 4 ) and in the filtrate from a blank determination, using 
H2O and 5 drops of glacial acetic acid in place of the sample. Calculate the Pb 
number and re])ort as “Lead Number -Winton.” 

9 1 1. Wichm ann MidfuMF 

Place 175 cc of boiled H2O in a round-bottomed flask of 1 liter capacity.. Add by 
means of a pipet 25 cc of clear Pb acetate soln (8 g per 100 cc) and 50 cc of sample. 
Place the flask in a hole in an asbestos board that is large enough to prevent the 
heating of the upper portion of the flask. (^^ hen the contents of the flask are reduced 
to 50 cc of liquid, the level of the liquid should be even with the top of the board, 
or slightly above it.) Connect the flask to a condenser, and with a moderate flame 
distil 200 cc into a volumetric flask, reserving the distillate for the determination 
of alcohol. Transfer the residual soln to a 100 cc volumetric flask by means of COs- 
free HjO and a bent glass rod provided with a rubber tip. When cool, dilute to 100 
cc with C()2-free HaO, mix, and filter thru a dry filter (Soln A). Conduct a blank 
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determiiiatioD, using 5 drops of glacial acetic acid in place of the sample and distil- 
ling 150 cc instead of 200 cc. Determine Pb as directed in 10(a) or 10(b) and calcu- 
late the Pb number and report as “Lead Number — Wichmann.“ 

10 DETERMINATION OF LEAD^ 

(a) sulfate. — Pipet 10 cc of Soln A (4 or 9) into a 250 cc beaker, add 25 cc of 
H2O, 2 cc of H2SO4 (1+1) and 100 cc of 95% alcohol, stir, and allow to settle over- 
night, Filter on a Gooch crucible, wash with 95% alcohol, ignite at low redness, 
cool in a desiccator, and weigh. The difference between the weight of PbS04 ob- 
tained from the blank and that obtained from the sample X 13.66 = the Pb number 
of the extract, 

(b) As chromate. — Pipet 10 cc of Soln A (4 or 9) into a 400 cc beaker and add 2 cc 
of glacial acetic acid, 25 cc of H2O, and 25 cc of approximately 0,1 N K2Cr207 soln. 
Heat the beaker and contents immediately with a moderate flame until the pre- 
cipitate changes in color from yellow to orange. Filter on a Gooch crucible; w'ash 
thoroly with hot HjO and then with a few cc each of alcohol and ether. Dry at 100°, 
cool in a desiccator, and weigh. The difference between the weight of PbCrO^ ob- 
tained from the blank and that obtained from the sample X 12.82 =the Pb number. 

11 TOTAL SOLIDS— OFFICIAL 

Proceed as directed under XXXIV, 4, using 10 cc of the sample. 

12 ASH— OFFICIAL 

Evaporate 10 cc of the extract and proceed as directed under XXVII, 8. 

13 ASH CONSTITUENTS 
Proceed as directed under XII. 

14 SUCROSE— OFFICIAL 
Proceed as directed under XXXIV, 22, 23, or 28. 

VANILLA RESINS 

15 Quantitative Method^ —Tentative 

Pipet 50 cc of the extract into a small beaker, add 50 cc of II 2O, and evaporate to 
50 cc on the steam bath. Add 50 cc of H2O and again evaporate to 50 cc. Cool. If the 
mixture has an acid reaction, add 2 cc of HCl (1 +1). If the mixture is not acitl to 
litmus, add H(M (1+1), dropwise, until distinctly acid to litmus i)aper, then 1 cc 
in excess. Cover and let stand overnight. Filter, wash 6 or 7 times with approxi- 
mately 0.05 X HCl, 9 cc of HCl (1+1) per liter of 1120. Dissolve the resin in warm 
95% alcohol by pouring thru the filter. Evaporate the alcohol in a tared 50 cc 
beaker and dry to constant weight at 100°. Report results to 2 decimal places only. 
Reserve the resin for qualitative tests. 

16 Qualitative Test — Tentative 

Place a portion of the dried residue in a few cc of 5% KOH soln. Vanilla resins 
dissolve, giving a deep red soln. Acidify, and a precipitate is obtained. 

Dissolve a portion of the dried residue in 95% alcohol. To a portion of the soln 
add a few drops of a 10% FeCb soln; to another portion add IICl. Neither produces 
any marked change in color if the residue consists of vanilla resins, Most other resins 
in alcoholic soln give color reaction.^ with FeCb or HCl. 
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To a portion of the filtrate obtained in (IS), add a few drops of basic Pb acetate 
soln, XXXIV, 18(a), Owing to the excessive quantity of organic acids, gums, and 
other extractive matter, the precipitate is so bulky as almost to solidify. The filtrate 
from this precipitate should be almost colorless. 

Test another portion of the filtrate from the resin for tannin with a soln of gelatin. 
Tannin is present in varying but small quantities, but should not be present in ex- 
cessive quantities. 

17 METHYL ALCOHOL— OFFICIAL 

Proceed as directed under XVI, 19, 20, or 23, using the distillate from the deter- 
mination of alcohol under 2. 

18 COLOR VALUE— TENTATIVE 

Pipet 2 cc of the extract into a 50 cc volumetric flask and dilute to the mark with 
a mixture of equal parts of 95% alcohol and H 2 O. Determine the color value of this 
diluted extract in terms of red and yellow by means of a Lovibond tintometer, using 
a 1-inch cell. To obtain the color value of the original extract, multiply the figures 
for each color by 25. 

19 RESIDUAL COLOR AFTER PRECIPITATION WITH LEAD ACETATE*— TENTATIVE 

Determine the color value, in terms of red and yellow, of the filtrate from the Pb 
acetate precipitate obtained under 4, using a 1-irich T^ovibond cell. Multiply the 
reading by 2 to reduce the results to the basis of the original extract. If the actual 
reading of the soln is greater than 5 red and 15 yellow, as may be the case if the 
extract is highly colored with caramel, use a half or quarter inch cell, and multiply 
the readings, rc.spectively, by 4 or 8. To obtain the percentages of the two colors 
remaining in the Pb acetate filtrate, divide the figures for red and yellow, respec- 
tively, by the corresponding figures of the original extract obtained under 18 and 
multiply the quotients by 100. Calculate also the ratio of red to yellow in both ex- 
tract and Pb acetate filtrate. 

20 COLORS INSOLUBLE IN AMYL ALCOHOL— TENTATIVE 

Proceed as directed under XVII, 79, using 25 cc of the extract and shaking with 
25 cc of the Marsh reagent instead of 20 cc. 

21 COLORING MATTERS OTHER THAN CARAMEL- TENTATIVE 
Proceed as directed under XXI. 

LEMON AND ORANGE EXTRACTS 

22 SPECIFIC GRAVITY— OFFICIAL 

Determine at 20/20'’ by means of a pycnometer, as directed under XIV, 3. 
ALCOHOL 

23 Method I. — Official 

Pipet 50 cc of the extract into a 200 cc volumetric flask, noting the temp.; dilute 
with H 2 O to approximately 200 cc; and allow the mixture to stand until the oil 
separates in a clear layer at the top, or centrifuge and add H 2 O to bring the lower 
meniscus of the oil to the mark, Pour the mixture into a dry Erlenmeyer flask con- 
taining 5 g of light MgCOs, stopper, shake well, and fUter quickly thru a large, dry, 
folded filter. Introduce a 100 cc aliquot of the filtrate, measured at the same temp., 
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into a 300-500 cc distillation flask, and add 50 cc of HjO. Attach the flask to a con- 
denser and distil almost 100 cc. Add H 2 O to complete the volume of the distillate 
to 100 cc at the same temp., mix well, and determine the sp. gr. at a convenient 
temp. Ascertain the corresponding percentage of alcohol by volume from XLII, 
Table 19, and multiply the result thus obtained by 4 to obtain the percentage of 
alcohol by volume in the original sample. 


24 


Method JI?~Official 


(Applicable to extracts consisting only of oil, alcohol, and water.) 

Let S represent the sp. gr. of the extract at 20/20°, as determined under 22; 0, 
the sp. gr. of the oil; and p, the percentage of oil found. Then 100-p = the per- 
centage of the water-alcohol soln, the sp. gr. of which, represented by P, is cal- 
culated as follows: 


f>p-l-P(100-p) 

ioo 


whence P = 


TOON -Op 
~lt)0 -V ■ 


The value of E, the alcohol equivalent of P, is obtained from XLII, Table 19. It 
gives the percentage of alcohol in the alcohol-water soln. To find the percentage 
of alcohol in the extract, apply the following formula: 

Percentage by volume of alcohol in the extract -e( 1 — 


The value of 0 for lemon oil may be taken as 0.8(> and for orange oil as 0.85. 

25 GLYCEROL— TENTATIVE 

Proceed as directed under XVII, 26, 27 or 28, selecting the method according to 
the quantity of sugar present. Use a quantity of the sample that contains 0.1 -0.4 g 
of glycerol. 

OILS OF LEMON AND ORANGE IN EXTRACTS 

26 1. By Polarization — Official 

Without diluting, polarize the extract at 20° in a 200 mm tube. Divide the reading 
in degrees Ventzke by 3.2 in the case of lemon extract and by 5.2 in the case of 
orange extract; in the absence of other optically active substances, the re.sult will be 
the percentage of oil by volume. If cane sugar is present, determine as directed under 
34 and correct the reading accordingly. To obtain the percentage of oil by weight 
from the percentage by volume, multiply the volume percentage by 0.8G in the ease 
of lemon extracts, and by 0.85 in the case of orange extracts, and divide the results 
by the sp. gr. of the original extract. 


27 11. By Precipitation-- Ojficial 

Pipet 20 cc of the extract into a Babcock milk bottle. Add 1 cc of IICl (1 Tl), then 
25-28 cc of H 2 O previously warmed to 60°. Mix, and let stand in IIjO at 60° for 5 
min. Centrifuge for 5 min., fill the bottle with warm lUO to bring the oil into the 
graduated neck of the fla.sk, again centrifuge for 2 min., and place the flask in HjO 
at 60° for a few minute.s. Note the percentage of oil by volume. If oil is present in 
amounts over 2%, add 0.4% to the percentage of oil noted to correct for the solu- 
bility of the oil. If less than 2% and more than 1% is present, add 0.3% for this 
correction. To obtain the percentage of oil by weight from the percentage by vol- 
ume, multiply the volume percentage by 0.80 in the case of lemon extracts, and by 
0,86 in the case of orange extracts, and fiivide the result by the sp. gr. of the original 
extract. 
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TOTAL ALOE HYDES OFFICIAL 

28 kP>A(1ENTS 

(a) Aldehyde-free alcohol. Allow 95% alcoliol, ouJi tain lug 5 g of metaphcny- 
leiiediamine hydrochloride per liter, to stand for at least 24 hours with frequent 
shaking. (Nothing is gained by previous treatment with KOIL) Boil under a reflux 
condenser for at least 8 hours, longer if necessary; allow to stand overnight, and 
distil, rejecting the first 10 and the last 5 cc which come over. Store in a dark, cool 
place in well-filled bottles; 25 cc of this alcohol, on standing 20 min. at 14^16° with 
20 cc of the sulfite-fuchsin solri, should develop only a faint pink coloration. If a 
stronger color is developed, repeat the treatment with rnetaphenylenediamine hy- 
drochloride as above, 

(b) Sulfiie-fuckain sofn.— Dissolve 0.5 g of fuchsin in 250 cc of H 2 O, add an 
aqueous soln of SO 2 containing 1 6 g of the gas, allow to stand until colorless or nearly 
so, and make up to 1 liter with HjO. Let stand 12 hours before using and keep in a 
refrigerator. This soln is liable to deteriorate and should be reasonably fresh when 
used. 

(c) Standard citral soln . — Weigh 0.5 g of citral into a 50 cc volumetric flask, make 
up to mark with the aldehyde-free alcohol at room temp., stopper the flask, and mix 
by shaking. Dilute 10 cc of this soln wuth the aldehyde-free alcohol to 100 cc in a 
volumetric flask, stopper the flask, and mix by shaking. 1 cc of the dilute soln = 

1 mg of citral. 

29 DETERMINATION 

Weigh approximatclj’ 25 g of the extract in a stoppered weighing flask, transfer 
to a 50 cc volumetric flask, and dilute to the mark at room temp, with aldehyde-free 
alcohol. Measure, at room temp., 2 cc (or other suitable quantity) of this soln into 
a comparison tube. Add 25 cv. of the aldehyde-free alcohol (previously cooled to 14- 
l(i“), then 20 cc of the sulfite-fuchsin soln (also cooled), and finally make up to the 
50 cc mark with the aldehyde-free alcohol. Mix thoroly, stopper, and keep at 14-16'“ 
for 15 min. Prepare a standard for comparison at the same time and in the same 
manner, using 2 cc of the standard citral soln, and compare the colors developed, 
(’alculate the amount of citral present and repeat the determination, using a quan- 
tity sufficient to give the sample approximately the strength of the standard. From 
this result calculate the quantity of citral in the sample. If the comparisons are made 
in Nessler tubes, standards containing 1, 1.5, 2, 2,5, 3, 3.5, and 4 mg of citral may be 
j)repHred and the trial comparison made against these, the final comparison being 
made with standards lying between 1.5 and 2.5 mg with 0.25 mg increments. 

It is absolutely essential to keep the reagents and comparison tubes at the re- 
quired temp., 14-16''. If the comparisons are made in a bath (this being possible 
only when the bath Is of glass), the standards should be discarded within 25 min. 
after adding the sulfite-fuchsin soln. Give samples and standards identical treat- 
ment. 

CITRAL9— OFFICIAL 
(Lemon and orange extracts.) 

30 REAGENT 

Metaphenyhnedianiine hydrochloride-oxalic acid so^n.— Dissolve 1 g of metapheny- 
lenediamine hydrochloride in about 45 cc of 85% alcohol, and 1 g of crystallized 
oxalic acid in a similar quantity of alcohol of the same strength, and pour the two 
solns into a 100 cc volumetric flask. Add 2 or 3 g of fullers' earth, dilute to the mark 
with 85% alcohol, mix, and filter thru a double folded filter. 


311 



XXV 


METHODS OP ANALYSIS 


31 DETERMINATION 

Weigh 25 g of the extract into a 50 cc volumetric flask, dilute to the mark with 
alcohol (95% by volume for extracts made with the oils; 50-95% by volume for 
terpeneless extracts) and mix. Pipet 2 cc or other suitable quantity of this soln. into 
a colorimeter tube, add 10 cc of the reagent, dilute to suitable volume, and compare 
the resulting color with the colors of a set of standards containing known quantities 
of standard citral soln, 28(c). 

32 TOTAL SOLIDS— OFFICIAL 

Proceed as directed under XVII, 62 , using 10 cc of the sample measured at 20®. 

33 ASH— OFFICIAL 

Ignite the residue from 10 cc of the extract as directed under XXVII, 8. 

34 SUCROSE— OFFICIAL 

Neutralize the normal weight of the extract, evaporate to dryness, wash several 
times with ether, dissolve in H^O, and proceed as directed under XXXIV, 22, 23 
or 28. 

35 METHYL ALCOHOL— OFFICIAL 

Proceed as directed under XVI, 19, 20, or 23, using the distillate from the deter- 
mination of alcohol under 23. 

36 COLORING MATTERS— TENTATIVE 
Proceed as directed under XXI. 

37 LEMON AND ORANGE PEEL COLOR— TENTATIVE 

Place a few cc of the extract in each of 2 test tubes; to one, add slowly 3-4 vol- 
umes of HCl and to the other, several drops of NIIiOII. If the color is due to lemon 
or orange peel only, it is materially deepened by each treatment. 

LEMON AND ORANGE OILS 

38 SPECIFIC GRAVITY OFFICIAL 

Determine tfie sp. gr, at 20 20® by rnearus of a pycnometer, as directe<l under 

XIV, 3. 

39 INDEX OF REFRACTION OFFICIAL 

Use any standard instrument, making the reading at 20® (XXXI, 8). 

40 OPTICAL ROTATION— OFFICIAL 

Use 20® with any standard instrument, a 50 mm tube, and Na light. The results 
should be stated in angular degrees on a 100 mm basis. If instruments having the 
sugar scale are used, the reading for orange oils is above the range of the .scale, but 
readings may be obtained by the use of standard levorotatory quartz plates, or ]>y 
the use of a 25 mm tube. The true rotation cannot be obtained by diluting the oil 
with alcohol and correcting the rotation in proportion to the dilution. 

41 TOTAL ALDEHYDES'^- OFFICIAL 

Weigh a small quantity of the sample into a small stoppered flask and dilute with 
aldehyde-free alcohol in the proportion of 2 g of lemon oil or 4 g of orange oil to 10 
cc of Boln. Determine the total aldehydes as directed under 29, expressing the result 
as citral. 
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Kleher Method'-^ — Official 

42 JiEAGENT 

Phenylhydrazine soln. — Prepare a 10% soln in absolute alcohol. A sufficiently 
pure reagent can be obtained by distilling the commercial product in vacuo, reject- 
ing the first portions coming over that contain NH3. 

43 determination 

Weigh accurately about 15 g of the sample into a small, glass-stoppered flask, and 
add 10 cc of the phenylhydrazine soln. Allow to stand 30 min. at room temp, and 
titrate with 0.5 N HCl, u.sing either methyl or ethyl orange indicator. Titrate simi- 
larly 10 cc of the phenylhydrazine soln. The difference in the number of cc of 0.5 N 
acid used in these 2 titrations Xthe factor 0.076 — the weight of citral in the sample. 
If difficulty is experienced in detecting the end point of the reaction, titrate until 
the soln is distinctly acid; transfer to a separatory funnel and draw off the alcoholic 
portion. Wash the oil with H^O, adding the washings to the alcoholic soln, titrate 
back with 0.5 N alkali, and make the necessary corrections. 

44 Hiltner Melhod^^ — Official 

Weigh accurately about 2 g of lemon oil or 8 g of orange oil into a 100 cc volu- 
metric flask, dilute to the mark with 95% alcohol, an<l proceed as directed under 
31, using 2 cc of the dilute soln for the comparison. 

45 PHYSICAL CONSTANTS OF THE 10 PER CENT DISTILLATEi!>— OFFICIAL 

Place 50 cc of the sample in a 3-bulb Ladenburg flask having the main bulb 6 cm 
in diameter and of 120 cc capacity and the condensing bulbs of the following dimen- 
sions: 3.5 cm, 3 cm, and 2.5 ctn. The distance from the bottom of the flask to the 
opening of the side arm should be 20 cm. Distil the oil at the rate of 2 cc per min. 
until 5 cc has been distilled. Determine the refractive index and rotation of this 
di.stillate a.s directed under 39 and 40. 

46 PINENE'*— OFFICIAL 

Mix the 10% distillate, 45, with 5 cc of glacial acetic acid, cool the mixture thoroiy 
in a freezing iiath, and add 10 cc of ethyl nitrite. Then add slowly, with constant 
stirring, 2 cc of HCff (2-|-l). Keep the mixture in the freezing bath 15 min. Collect 
the crv.stals formed on a filter, using suction, and wash with 95% alcohol. Return 
the coinliined filtrate and washings to the freezing bath for 15 min. Collect the 
additional crystals formed on the original filter. Wash the combined crops of crys- 
tals thoroiy with alcohol. Dry at room temp, and dissolve in a minimum quantity 
of (Tl(d.i. Add methyl alcohol to the CHCb soln, a little at a time, until the nitroso- 
chloridcs crystallize out. Mount the se[uirated and dried crystals in olive oil and 
examine under the microscope. Pineue nitroso-chloride crystals have irregular 
pyramidal enils, while limoiiene nitroso-chloride crystallizes in needles. 

ALMOND EXTRACT 

47 alcohol— TENTATIVE 

As almond extract usually contains only about 1% of almond oil, in most cases 
the alcohol can be calculated from the sp. gr. of the extract. If the extract is high 
in solids, proceed as follows: Add 25 cc of the extract, measured at room temp., to 
75 cc of 'saturated NaCl soln in a separatory funnel, and extract twice with 50 cc 
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portions of petroleum ether (b.p. 40 00^’). Collect the ])ctroleuin ether extract, in 
a secoiul separatory funnel, and wash twice with 2 portions (25 cc) of saturated 
brine. Combine the original salt soln with the washings, add a little powdered 
pumice, and distil into a 100 cc volumetric flask. When almost 100 cc has been dis- 
tilled, make up to the mark with 11^0 at room temp, and determine alcohol from 
the sp. gr. as directed under XIV, 3, using Table 19, XLII. 

48 BE NZALDEHYDE— TENTATIVE 

Measure out 2 portion.s of 10 cc each of the extract into 300 cc Erlenmeyer flasks 
and add 10 cc of pheiiylhydrazine soln (add 3 cc of glacial acetic acid to 40 cc of 
HaO and mix with 2 cc of pheiiylhydrazine) to one Mask and 15 cc to the other. Allow 
the mixtures to stand overnight in a dark place. Then add 200 cc of H 2 O, and filter 
thru a weighed Gooch crucible provided with a thin layer of asbestos. Wash the 
precipitate first with cold H^O and finally with 10 cc of 10% alcohol. Diy at 70® for 
3 hours at a pressure not to exceed 100 mm of Hg or to constant weight over H 2 S 04 , 
Weight of the precipitate Xthe factor 5.408 = the weight of benzaldehyde in 100 cc 
of the sample. If duplicate determination.s do not agree, repeat the ojieration, using 
a larger quantity of the phenvlhydrazine soln. 

49 BENZOIC ACID n— TENTATIVE 

Measure 10 cc of the extract into a 100 cc flask and adii 10 cc of a 10% NaOH 
soln and 20 cc of 3% II 2 O 2 soln; cover with a watch-glas.s and place in a water oven. 
Oxidation of the aldehyde to benzoic acid begins almost immediately and should 
continue .^10 min. after all odor of benzaldehyde has disappeared (usually 20-30 
rain.). Remove the flask from the water oven; transfer the contents to a separatory 
funnel, rinsing off the watch-glass; add 10 cc of HjSO* (1 -)-5), and cool the contents 
of the funnel to room temp, under the water ta]). Extract the benzoic acid with 4 
portions of 25, 25, 20, and 20 cc of ether, re-si^eetively, and wash the combined ex- 
tracts with 2 portions of 5-10 cc of H 2 O, or until all HsSOi is removed. Filter into a 
weighed dish, evaporate at room temp., dry overnight in a desiccator, ami weigh 
the benzoic acid. Multiply the result by 10. 

Multiply the grams per 100 cc of benzaldehyde obtained under 48 by 1.151 to 
obtain the equivalent of benzoic acid and subtract this product from the grams jter 
100 cc of total benzoic acid obtained above. The difference is the grams of benzoic 
acid per 100 cc of the extract. 


HYDROCYANIC ACID 

50 Qualitative Test — Tentative 

Add several drops of a freshly prepared 3% FeSO< .soln ami .a single drop of 1% 
FeClj soln to several cc of the extract. Mix thoroiy and add 10% NaOH soln, drop- 
wise, until no further precipitate forms and then H 2 SO 4 fl 4*9) to dissolve the pre- 
cipitate. In the presence of even small quantities of H(’N, a Prussian blue coloration 
or suspension will develop. 

51 Quantitative ^fethofl~ Tentative 

(In the absence of chloride.s.) 

Measure 25 cc of the extract into a small flask and add 5 cc of freshly precipitalc<l 
Mg(OH) 2 , Cl-frec. Titrate with 0.1 N AgNOj soln, using K 2 Gr 04 as an indicator. 
1 cc of 0.1 W AgNO, = 0.0027 g of HGN. 
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NITROBENZOL 

52 Qualitative Test — Tentative 

Boil a few ec of the extract with some Zn dust and acetic acid and filter. Add to 
the filtrate a drop of CHOU, make strongly alkaline with 10% NaOH soln, and heat. 
The presence of nitrobenzol in the original extract is indicated by the development 
of the characteristic odor of phenylisonitrile. 

CASSIA, CINNAMON, AND CLOVE EXTRACTS 

53 ALCOHOL— TENTATIVE 
Proceed as directed under 47. 

OIL>^ 

54 Method I - Tentative 

Transfer 10 cc of the extract to a .separatory funnel, add 30 cc of H 2 O, acidify 
with 1 cc of HCl (1 -f 1), and extract 3 times with ether, using not less than 100 cc 
altogether. Wash the combined ether solus twice with H^O, and in the case of cin- 
namon extract dry by shaking with a small quantity of granulated CaCla. Trjinsfer 
to u weighed wide-mouthcfl weighing bottle and evaporate the ether as rapidly as 
possible on a boiling water bath, rotating the liquid upon the sides of the bottle in 
order to rid the residual oil of traces of ether. Weigh the residue and divide the 
weight by the sp. gr. of the oil in order to obtain the percentage of oil by volume. 
In the case of clove oil, allow the weighing bottle to remain in the balance case until 
the usual film of moisture has evaporated. The time of weighing, however, should 
not be delayed over 3 min. Determine the refractive index of the residual oils at 
20'’. Dissolve a drop of the oil in several drops of alcohol and add a drop of 10% 
FeCIa soln. 


Specific grnritp, refractive index at 20“^, and color reaction trith FeCli soln 



1 

KEKH-ACTIVt; 

OOljOR REACTION 

t«L 

i SPECIFK' (iRAViry 

INDEX .AT 

20° 

WITH Fed, SOLN 

Cassia 

1.05 

1..585-T.600 ! 

Brown 

Cinnamon . 

1 .03 

1.500-1.599 

Green 

Cloves 

1 .05.5 

1 .560-1.565 

Deep blue 


55 Method 1 1 — Tentalii'C 

(Applical)le to extracts of cinnamon and clove.) 

Pipet 10 cc of extract into a standard Babcock milk bottle. Remove nearly all 
alcohol by blowing air into the bottle thru a small glass tube for 30 min., or longer 
if necessary. Add from a 10 cc buret 1 cc of solvent (equal parts of U.S.P. mineral 
oil and IDO-free kerosene), shake well, and fill with a saturated soln of MgSOi. 
Centrifuge for 10 min. and read the volume of oil from the extreme bottom to the 
extreme top of the column, To obtain the percentage of oil subtract 5 divisions and 
multiply the remainder by 2. 

GINGER EXTRACT 

ALCOHOL TENTATIVE 
Ih'occed as directi'd under XVI, 3, 4 or 5. 
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57 SOLIDS— TENTATIVE 

Evaporate 10 cc of the extract nearly to dryness on the steam bath, dry for 2 
hours in a water oven at the temp, of boiling HjO, and weigh. 

58 GINGER (QUALITATIVE TEST)— TENTATIVE 

Dilute 10 cc of the extract to 30 cc, evaporate to 20 cc, decant into a separatory 
funnel, and extract with an equal volume of ether. Allow the ether to evaporate 
spontaneously in a porcelain dish, and to the residue add 5 cc of 75% H2S04and 
about 5 mg of vanillin. Allow to stand 15 min. and add an equal volume of HsO. 
In the presence of ginger extract an azure blue color develops. 

59 CAPSICUM (QUALITATIVE TEST)— TENTATIVE 

To 10 cc of the extract add cautiously NaOH soln (1+9) until the soln reacts 
very slightly alkaline with litmus paper. Evaporate at about 70° to approximately 
\ the original volume and render slightly acid with H2SO4 (1+9), testing with lit- 
mus paper. Transfer to a separatory funnel, rinsing the dish with H2O, and extract 
with an equal volume of ether, avoiding the formation of an emulsion by shaking 
the funnel gently 1-2 min. Draw off the lower layer and wash the ether extract once 
with about 10 cc of HjO. Transfer the washed ether extract to a small evaporating 
dish, render decidedly alkaline with 0.5 .V alcoholic KOH, and evaporate at about 
70° until the residue is pasty. Then add about 20 cc more of the 0.5 X alcoholic 
KOH and allow to stand on the steam bath until the gingerol is completely .saponi- 
fied (about 30 min.). Dissolve the residue in a little H2O and transfer with IHO to 
a small separatory funnel. The volume should not exceed 50 cc. Extract the alkaline 
soln with an equal volume of ether. Wash the ether extract repeatedly with small 
quantities of H2O until no longer alkaline to litmus. Transfer the washed extract to 
a .small evaporating dish and allow the ether to evaporate spontaneously, Finally 
test the residue for capsicum by moistening the tip of the finger, rubbing it. on the 
bottom and sides of the dish, and then applying the finger to the end of the tongue. 

hot, stinging, or prickly sensation, which persists for several minutes, indicates 
capsicum or other foreign pungent sul)stances. 

PEPPERMINT, SPEARMINT, AND WINTERGREEN EXTRACTS 

60 ALCOHOL— TENTATIVE 

Proceed as directed under 47. 

61 OIL'*— TENTATIVE 

Pipet 10 cc of the extract into a Babcock milk bottle, add I cc of CSj, mix thoroly, 
and add 25 cc of cold H^O and 1 cc of HCl. Close the mouth of the bottle and shake 
vigorously; centrifuge for 0 min., and remove all but 3-4 cc of the supernatant 
liquid, which should be practically clear, by aspirating thru a glass tube of small 
bore. Connect the stem of the bottle with a filter pump, immerse the bottle in H2O 
kept at approximately 70° for 3 min., remove from the bath every 15 seconds, and 
shake vigorously. Continue in the same manner for 45 seconds, using a boiling water 
bath. Remove from the bath and shake while cooling. Disconnect from the suction 
and fill the bottle to the neck with saturated salt soln at room temp., centrifuge 
for 2 min., and read the volume of the separated oil from the top of the meniscus. 
Multiply the reading by 2 to obtain the percentage of oil by volume. In the case of 
wintergreen, use as a floating medium a mixture of 1 volume of H21SO4 and 3 of 
saturated Na2S04 soln. 
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62 METHYL SALICYLATE IN WINTERGREEN EXTRACT '^TENTATIVE 

Mix 10 cc of the extract with 10 cc of 10% KOH soln. Heat on a steam bath until 
the volume is reduced about one-half. Add a distinct excess of dilute HCl (1 4-1)1 
cool, and extract with 3 portions of ether, 40, 30, and 20 cc, respectively. Filter the 
extract thru a dry filter into a weighed dish, wash the paper with 10 cc of ether, and 
allow the filtrate and washings to evaporate spontaneously. Dry in a desiccator con- 
taining 112804 and weigh. Weight of salicylic acid so found X 9.33 = the percentage 
by volume of methyl salicylate in the sample. 

ANISE AND NUTMEG EXTRACTS 

63 OIL'i—TENTATIVE 

To 10 cc of the extract in a Babcock milk bottle, add 1 cc of HCI (1-f-l)} then 
sufficient bftlf^satii rated salt soln, previously heated to 60*^, to fill the flask nearly to 
the neck. Cork and let stand in H 2 O at 00'' for about 15 min., rotate occasionally, 
and centrifuge for 10 min. at about 800 r.p,m. Add brine till the oil rises into the 
neck of the bottle and again centrifuge for 10 rain, If the separation is not satis- 
factory'^ or the liquid is not clear, cool to about 10° and centrifuge for an additional 

10 min. The reading X2 =the percentage of oil by volume. 

ESSENTIAL OIL IN EXTRACTS AND TOILET PREPARATIONS*' 

64 Applic.able to e\tract.s of allspice, anise, c.anaway, lemon, nutmeg, orange, 

peppermint, pimiento, rosemary, thyme, wintergreen and 
methyl salicylate. 

Pipet 10 cc of sample (5 cc when the oil content exceeds 5% by volume) into a 
standard Babcock milk liuttle, add 0.50 cc of solvent (equal parts of U.S.P. mineral 

011 and H.O-free kerosene) and 1 cc of HCI (1+1), and fill to the shoulder with a 
saturate<l Xa(4 soln. Shake the bottle for 3 min., then add the salt soln to bring the 
column of oil within the graduations on the neck. Centrifuge for 10 min. at high 
speed and read the volume of oil from the extreme bottom to the extreme top of the 
column. (Head from extreme bottom to the bottom of the meniscus at the top of 
the column for allspice, peppermint, and pimiento extracts.) To obtain the per- 
centage of oil subtract 2.5 divisions and multiply the remainder by 2. (Multiply 
by 4 if a 5 cc sample is used.) 

OILS OF LEMON, ORANGE, AND LIMES IN VEGETABLE AND MINERAL OILS 

/ . By Steam Dist illation} * — Offi ct a I 

ftS APPAR.ATUS 

(a) Steam generator filled with — An oil can holding 1 gallon will serve the 

purpose. 

(b) lHsiilMionjlash.—\ Kjeldahl flask of about 750 cc capacity, with shortened 
neck, al)out 10 inches in height over all. 

(c) Spray tube— A glass tube with a small perforated bulb at the end passes thru 
a rubber stopper and reaches to the bottom of the distillation flask. 

(d) Bent (/fmss -About 8 mm in diameter. Connects distillation flask to up- 
right condenser. The shape of this tube allows the vapor condensing in the tube to 
return to the distillation fliisk'. 

(e) l.irbig With 2()-inch water jacket. 

(f) Wihon receiving fask.-Shaped like a Babcock test bottle with a gmduated 
neck but of modi larger ca|)acit y .and with .a vertical glass outleUubc sealed on near 
the bottom. The upper end of the outlet tube i.s turned down The capacity o the 
flask i.s about 250 cc. 'rhe neck may consist of a portion of^a buret graduated from 
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0-25 cc with'^op flared out. The outlet tube is about 3 mm in diameter, and the end 
is at such a height that when the flask is filled with HjO the meniscus in the neck 
will be between tbe 0 and 1 cc marks. 

66 DETERMINATION 

Measure 100 cc of the sample in a graduated cylinder and transfer to the distilla- 
tion flask. Immerse the fl^ask in a water bath and connect with the condenser by 
means of the bent glass tube. Fill the receiving flask with II 2 O and place under the 
condenser in such a way that the end of the condenser will be about 0.5 inch above 
the level of the H 2 O in the receiving flask. Place a 200 cc graduated cylinder under 
the end of the outlet tube to catch the displaced liquid. Heat the water bath to 
boiling and pass steam thru the sample until 200 cc of liquid has been collected in 
the graduated cylinder. 

Disconnect the apparatus, allow the receiving flask to stand for 15 min., or until 
separation of oil is complete, and read the volume of oil obtained. Calculate the 
percentage (by volume) of essential oil in the sample by dividing the reading by 
0.90 for lemon oil in corn and cottonseed oils, 0.95 for orange oil in corn and cotton- 
seed oils, and by 0.78 for distilled or expre.ssetl oil of limes in ciun and cottonseed oils. 
Where the menstruum is mineral oil, subtract 0.3 cc from the reading before dividing 
by the factors 0.90, 0.95, and 0.78 for lemon oil, orange oil, and oil of limes, respec- 
tively. 

67 11. By Polarization^^^ — Tentative 

Polarize the sample at 20^ in a 200 mrn tube, making 5 readings. From the average 
of these readings in degrees Ventzke subtract, for corn oil +0,0'^, for cottonseed oil 
—0.3°, for peanut oil +0.2 \ and for mineral oil +5.5°, as a correction for the rota- 
tory effect of the menstruum. To ol)tain the perrentage Ijv volume of the essential 
oil in the mixture, divide the conecled pnl.ariscopic re.ading so obtained l>y the 
factor 3.4 for lemon oil in corn oil, 3.7 for lemon oil in cottonseed oil, 3.6 for lemon 
oil in peanut oil, 3.5 for lemon oil in mineral oil, 5.4 for orange oil in corn oil, 5.7 for 
orange oil in cottonseed oil, 5.6 ftir orange oil in mineral oil, 2.0 for oil of limes in 
corn oil, 2.3 for oil of limes in cottonseed oil, and 2.2 for oil of limes in mineral oil. 
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1 SAMPLING' TENTATIVE 

Boxed fruit . — Remove cover, bottom, or one side of box, as is most convenient. 
Remove a block comprising ^ of the contents of the box taken from one corner as 
follows; With a sharp knife make a vertical cut midway between the ends of the 
box to the center of the top surface, this cut to extend half way to the bottom. Make 
another vertical cut midway i)etwceji the sides of the box, extending half way to the 
bottom, and continue it until it meets the tirst cut. Remove all fruit included in 
the angle formed l)y the two cuts. Working rapidly, break up all lumps, thoroly 
mix, and take sufficient sample to fill a quart Mason jar, replacing the remainder 
in the box. Seal the jar and send to the laboratory. Sample a sufficient number of 
boxes taken from different parts of the pile to constitute at least the square root of 
the lot, 

2 PREPARATION OF SAMPLE— OFFICIAL 

Transfer all samples received in open packages (i.e., not in sterile condition) with- 
out delay to glass-stopi)ered containers and keep in a cool place. Make the deter- 
minations of alcohol, total and volatile acids, solids, and sugars, particularly in the 
case of fruit juices and fre.sh fruits, at once, as fermentation is liable to begin very 
.soon. ( Portions for the determination of sucrose and reducing sugars may be weighed 
and kept for several days without fermenting if the slight excess of neutral Pb 
.acetate soln retjuired in the determination is added.) The various products arc pre- 
pared for analysis as follows: 

(a) Juices . — Mix thoroly l)y shaking to insure uniformity in sampling and filter 
thru muslin ])revioii.sly washed and dried. Prepare fresh juiees by pressing the well- 
pulpe<l fruit in a jelly bag aud filtering thru muslin previously washed and dried. 
Kxpress the juice of citru.s fruit by means of one of the common devices for squeezing 
oranges or lemons, and strain the expressed juice thru muslin previously washed and 
dried. 

(b) Jellies and sirujis. Mix thoroly to insure uniformity in sampling, 

(bt) Preparation of soln. — W'eigh 300 g of the thoroly mixed sample into a 2 liter 
flask and dissolve in H^O, heating on a steam bath, if necessary. Apply as little heat 
as possible to minimize inversion of the suerosc, Cool, dilute to the mark, mix 
thoroly by shaking, and use aliquots for the various determinations. If insoluble 
material is present, mix thoroly and filter before taking the aliquots. 

(c) Fresh fruits, dried fruits, canned fruits, preserves, jams, and fnarmalades. 
Pulp by grinding in a large mortar or by passing thru a food chopper and mix thor- 
oly, completing the operation as quickly as possible to avoid loss of moisture. In the 
ease of dried fruits, jaiss the sample thru the food chopper three times, mixing thor- 
oly after each grinding. In the case of stone fruits, remove the pits, and determine 
their proportion in a weighed sample. In the case of canned fruits, an examination 
of the sirup in whicli the fruits are preserved is often sufficient. Separate the liquor 
l)v draining (cf. XXXV, 2) and treat as directed under (a). 

’ (c,) PTepnration. of suln. Weigh 300 g of the well-pulped and mixed sample into 
a 1 2-liter beaker; add almut 800 cc of II 2 O; and boil 1 hour, replacing at intervals 
the lUO lost by evaporation. Transfer to a 2 liter volumetric flask, cool, dilute to 
volume, and filler. With unsweetened fruit it is desirable, the not actually necessary, 
that sugar be added before boiling; therefore weigh 150 g of fruit, add 150 g of sugar 
and 800 cc of HjO and proceed as directed above. 
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3 ALCOHOL-^OFFICIAL 

Determine alcohol in 50 g of the original material as directed under XIV, 5. 

4 MOISTURE*— OFFICIAL 

Dried /rutis,— Spread 5-10 g of the prepared sample, 2(c), as evenly as possible 
over the bottom of a metal dish approximately 8.5 cm in diameter and provided 
with a tightly fitted cover; weigh; and dry at 70“ for 6 hours under a pressure not 
to exceed 100 ram of Hg. During the drying admit to the oven a slow current of air 
(about 2 bubbles per second) dried by passing thru H 2 SO 4 . (The metal dish must 
be placed in direct contact with the metal shelf of the oven.) Replace the cover, 
cool in a desiccator, and weigh. Disregard any temporary drop of oven temp, that 
may occur during the early part of the drying period owing to rapid evaporation of 
HjO. With raisins and fruit similarly rich in sugar, use about 5 g of sample and 
dry and weigh with the dish about 2 g of finely divided asbestos. Moisten with hot 
HjO, mix the sample and asbestos thoroly, evaporate on a steam bath barely to 
dryness, and complete drying as directed above. 

TOTAL SOLIDS— OFFICIAL 

5 yfetkod I, Insoluble Matter Present 

Fresh and canned fruits, jams, marmalades and preserves . — Weigh accurately 20 g 
of pulped fresh fruit, or a quantity of fruit products that will give not more than 
3-4 g of dry material, into a large flat-bottomed dish. If necessary to secure a thin 
layer of the material, add a few ce of HaO and mix thoroly. Dry at 70® under a 
pressure of not to exceed 100 mrn of Hg until consecutive weighings made at in- 
tervals of 2 hours do not vary more than 3 mg. 

6 Method II. \o Insoluble Matter Present 

Fruit juices, jellies and straps, -Proceed as directed under XXXIV, 3, 5, 6 or 7, 
using the sample prepared as directed under 2 (a) or (b). 

7 WATER-INSOLUBLE SOLIDS^— TENTATIVE 

Weigh 25 g of the prepared sample, 2(c), into a 400 cc beaker; add 200 cc of H 2 O, 
cover, heat to boiling, and boil vigorously for 30 min., replacing at intervals the 
H 2 O lost by evaporation. Prepare aliout 0.5 g of absorbent cotton or a coarse, (piali- 
tative 15 cm filter paper by drying in a water oven and weighing in a flat-bottomed 
dish provided with a cover. Filter the soln thru the absorljent cotton or filter paper 
and wash the residue and filter With hot H 2(4 until the wash H 2 O is eolorles.s and no 
longer acid to litmus paper. Transfer the cotton or pajier filter containing the in- 
soluble solids to the flat-bottomed dish, dry to constant weight in a water oven, 
and weigh. The increased^weight represents the water-insoluble solids in the sample 
taken. The filter of absorbent cotton may be prepared by forming it into the shape 
of the funnel and by means of a wire or glass rod forcing a pledget of the cotton into 
the stem, but leaving the portion against the sides loose. 

8 SOLUBLE SOLIDS IN FRESH AND CANNED FRUITS, JAMS, MARMALADES AND 

PRESERVES*— TENTATIVE 

(Insoluble matter present.) 

Proceed as directed under XXXIV, 7. Verceniage of soluble solids =% of 

solids determined by refractometer X —— — in which b = water-insoluble solids, 

100 
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TOTAL ASH OFFICIAL 

Proceed as directed under XXVII, 8, the temp, of ashing not to exceed 525°, using 
25 g of juices, fresh fruits, and canned fruits, and 10 g of jellies, simps, preserves, 
jams, marmalades, and dried fruits. 

If the ash of the water-soluble portion only is desired, evaporate to dryness 100 cc 
of the prepared soln, 2(bi) or 2(ct), and proceed as directed under XXVII, 8. 

10 ALKALIWITY OF THE ASH— OFFICIAL 

Into the Pt dish containing the ash obtained under 9 introduce a measured excess 
of 0.1 M HCl, warm on a steam bath, cool, add a few drops of methyl orange in- 
dicator, and titrate the excess acid with 0.1 NaOH soln. Report the result as alka- 
linity, the number of cc of O.i N acid required to neutralize the ash from 100 g of 
sample, and as alkalinity number, the number of cc of N acid required to neutralize 
( g of ash. Reserve the soln for the determination of S in ash. 

1 1 SULFUK IN ASH -OFFICIAL 

(For products containing a basic ash.) 

Add 5 cc of HCl (1 +2.5) to the soln remaining after the determination of Mka- 
linity of ash under 10 and evaporate to dryness. Heat to 110'' for 1 hour to dehydrate 
any Si02. Take up in 5 cc of the dilute HCl and filter, washing the filter paper well 
with hot H2O. Heat the filtrate to boiling and add dropwise from a buret or jjipet 
5 cc of 10% BaCU soln. Evaporate to 100 cc and let stand overnight. Filter on a 
weighed Gooch or Munroe crucible or on a 7 cm ashless filter paper, wash with hot 
H2O until the filtrate is free from chlorides, dry, ignite over a Bunsen burner, and 
weigh as BaS04. As the quantity of precipitate is small, exercise great care and make 
the determination in duidicate. Report the result as mg of S per 100 g. 

12 TOTAL SULFUR'’- TENTATIVE 

(For sulfured products and for samples containing little ash or an acidic ash.) 

In a cas.serole as large as can be placed in the electric muffle furnace available, 
place 1-8 g of MgO [1 g for fruit juices, 3 g for heavily sugared products and for 
dried fruits —or an equivalent quantity of Mg (1X03)2!, 1 g of powdered sucrose, and 
50 cc of HNO3, Then add 5-10 g of the prepared sample, 2(a), (b), or (c). Place the 
same quantities of the reagents in another casserole for a blank. Evaporate on a 
steam bath to a pasty consistency. Place the cas.serole in a cold electric muffle and 
gradvially heat to not above, dull redness until all N2O4 fumes have been driven off. 
(All organic matter will have been destroyed.) Cool, dissolve in HCl (1+2.5), and 
filter. Adjust the acidity so that the soln contains 0.5 1 g of free HCl, heat to bod- 
ing, and add dropwise 5 cc of a 10% BaCF soln. Evaporate to 100 cc, allow to stand 
overnight, filter, wash, ignite, and weigh the BaS04. Correct the result for the 
BaSO* obtained in the blank and report as mg of S per 100 g. The determination 
should be made in a room free from S fumes. 

13 CHLORINE IN ASH«— TENTATIVE 

Proceed as directed under XII, 35 and 37. 

POTASSIUM— TENTATIVE 

' 14 preparation of solution 

Dissolve the ash in HCl. If an aliquot is desired, filter into a volumetric flask, wash 
the filter thoroly, and make up to volume. Pipet an aliquot into a beaker, adjust to 
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ji volume of 5l>-75 ec, heal to boiling, and add a slight excess of NIl4()H and then 
sufficient saturated NH4 oxalate soln to precipitate all the lime and A1 present, 
(’ontinue boiling until the precipitate begins to settle. Filter into a large Pt disli 
and wash the filter thoroly. 

15 DETERMINATION 

Evaporate the soln from 14 nearly to dryness, add 1 cc of H2SO4 (1+1)> evapo- 
rate to dryness, and ignite to whiteness. Maintain a full red heat until the residue 
is perfectly white. Dissolve the residue in hot H2O," using at least 20 cc for each dg 
of K2O present; add a few drops of HCl and then an excess of Pt soln, II, 42(b). 
Evaporate on a water bath to a thick paste, avoiding exposure to Nila. Treat the 
residue with 00% alcohol. Filter on a dry fared Gooch crucible with an asbestos 
mat that has been washed thoroly with 90% alcohol and dried at 100° for 30 min. 
Wash the precipitate thoroly with 90% alcohol, both by decantation and on the 
crucible mat, and continue the washings after the filtrate is colorless, using about 
200 cc of wash solus. Then wash 5 or 0 times with 10 cc portions of NHiCl soln, 
II, 42(a), to remove impurities from the precipitate. Wash again with four or five 
10 ce portions of 90% alcohol and dry the precipitate for 30 min. at 100°. Weigh, 
wash a^ain with several 100 cc portions of 90% alcohol, dry, arid re weigh until a 
constant weight of K2PtCl6 is obtained. Calculate to KjO. The precipitate should 
be completely soluble in H2O. 

MANGA.NESE— TENTATIVE 

16 PREPARATION OF SOLUTION 

Dissolve the a.sh in HCT (1 -i-2), evaporate to dryness, and heat at 110° for I hour 
to dehydrate any SiOs. Dissolve the residue in IKT (l-b-l) and filter into a volu- 
metric flask. Wash the filter thoroly and make up to volume. 

17 DETERMINATION 

To an aliquot of the prepared soln, 16, add sufficient Br water to oxidize any 
ferrous Fe to the ferric state. Boil off the excess Br, Dilute to 150 ce and heat to 
boiling. .A.dd sufficient 10% XaH2P04 to combine with all the Fe and .\1 present. 
Add plenty of bromocresol green indicator, and while the mixture is gently boiling 
add 10% freshly prepared XaOH soln dropwise to the first permanent turbidity 
or an initial color change in the event no Fe or Al compounds are present. (Continue 
neutralization by slowly adding 20% Xa acetate to give a yellow-green color. Fe 
and Al phosphates are completely precipitated at a pH of 4, at which point bromo- 
cresol green indicator is yellow-green." lioil gently for 1 2 min. if any [irecipitate of 
Al or Fe phosphate forms. Allow to settle, filter, wa.sh carefully, and discard the 
precipitate. To the filtrate add 10 cc of the Na acetate and adjust the pH t() 4.2 4.4 
(indicated by a yellow-green color with bromocresol green indicator) by adding HCT 
(1-1-5) dropwise. Add sufficient Br water to color the soln distinctly orange, cover 
with a watch-glass, and boil gently for about 3 min. Take great care to avoid bump- 
ing. Allow the mixture to settle, add a little more Hr water, and again boil gently 
for 1-2 min. Again allow to settle, filter, and wash beaker and filter thoroly. The 
filtrate is reserved for Ca and Mg determinations. Dissolve the hydrated oxide pre- 
cipitate from the filter into the original beaker with as little soln of HjO saturated 
with SO: as possible. Wash the filter paper thoroly with hot H3O. Boil to remove 
all odor of SOj, add 10 cc of HjSO* and 10-20 cc of HNO3, carefully dilute to 50-75 
cc, and heat to boiling, slowly introducing small quantities of KIO4 (about 0.05 g) 
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with a spatula until a maximum color is produced. (About 0,2 g of periodate is 
sufficient.) Cool, and introduce into a volumetric flask. The amount of Mn in the 
final dilution for colorimetric comparison should be no more than 1 mg per 50 cc. 
Compare the color with standards prepared as directed in XII, 14, except to substi- 
tute 10 cc of HNOj for the Fe(N03)j. Accurate results may be expected. Report as 
percentage of Mn304 by multiplying KMnO^ by the factor 0.4827. 

CALCIUMS— TENTATIVE 

18 Double Precipitation Method 

Evaporate the filtrate from the Mn determination to 100-150 cc. Boil off any Br 
remaining and adjust the pH to 4. 4-4.6 (green to green-blue with broraocresol green 
indicator) by adding 20% Na acetate. (A pH of 4.4— 4.6 is the most favorable for 
precipitation of Ca oxalate.) Add sufficient saturated Na oxalate soln dropwise to 
precipitate all the Ca from the boiling soln, and continue to boil until the oxalate 
begins to settle, or digest for 15 min. on the steam bath. Allow to settle until clear, 
filter, and wash the precipitate thoroly with hot H2O. Reserve the filtrate and wash- 
ings for the Mg determination. C Carefully wash the precipitate back into the original 
beaker, heat, and dissolve the oxalate by adding as little HCl as possible. Reprecipi- 
tate the Ca by adding NH4OH (l-f-9) soln dropwise until the pH is again 4.4r-4.6 
(green to green-blue with bromocresol green indicator). Add a slight excess of satu- 
rated NH4 oxalate soln while still hot. Digest on a steam bath for 1 hour and set 
aside until the supernatant liquid is clear, preferably overnight. Filter, and wash 
with hot HjO. Determine the Ca either gravi metrically or volumetrically by the 
usual methods. (For small quantities of Ca the gravimetric method is preferred.) 
Report as CaO. 

If Mg is not to he determined, precipitate the Ca once from the boiling soln freed 
from Fe, Al, and Mn with satur,ated NH4 oxalate soln, digest, and determine as 
directed. 

19 Single Precipitaiion Method 

Evaporate the filtrate and washings from the Mn determination, 17, to 200-250 
cc. Add 8-10 drops of broraocresol green indicator and sufficient 20 % Na acetate to 
change the pH to 4. 8-5.0 (blue). Cover with a watch-glass and heat to boiling. Pre- 
cipitate the (,’a slowly by adding 3% oxalic acid soln, a drop every 3-5 seconds, 
until the [)H is changed l)ack to 4.4 -4.6 (the optimum for Ca oxalate precipitation) 
as indicated by the appearance of a distinct green shade. A change of color will in- 
dicate an excess of oxalic acid -more would develop yellow tints, showing an un- 
desirable displacement of the pH. Boil 1-2 min. and allow to settle until clear. 
Filter, and wash thoroly with hot H2O. Determine either gravimetrically or volu- 
metrically as in the double precipitation method. 

20 MAGNESIUM-TENTATIVE 

.\dd 2-3 drops of 11(4 to the filtrate and washings from the Ca determination, 18, 
and evaporate to 75-100 cc. If the quantity of phosphates naturally in the sample, 
or added for the purpo.se of precipitating Fe and Al, is insufficient to precipitate all 
the Mg expected, add more but avoid a large excess. For this purpose neutralize 
with 10% NH4OH until a permanent precipitate forms and add sufficient NaH2p04 
soln to precipitate all Mg iJreseiit. Dissolve the precipitate by slowly adding 10% 
HCl dropwise. Use as little HCl a.s possible to obtain complete soln. (The next step 
requires consideraliie care and patience to give accurate results. MgHPO^ begins to 
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precipitate at a pH of 6. 7-6.8. This is the critical point.) Heat the soln to gentle 
boiling and add NH^OH (1 +9) at the rate of 4 drops a min. while maintaining a 
gentle boil until a crystalline precipitate commences to form. The first precipitate 
must be crystalline, not gelatinous. If the first precipitate is gelatinous, redissolve 
it with a little HCl and start the precipitation again more slowly. Stirring assists 
crystallization, but the sides of the beaker shoiild not be scratched. After the crys*- 
tals have formed in considerable numbers hasten the precipitation. This treatment 
gives crystalline MgHP04. Continue the addition of the dilute NH4OH untihthe 
soln is slightly ammoniacal. Allow the mixture to cool slightly, then add i the vol- 
ume of NH4OH slowly, and with constant stirring. Let stand until the precipitate 
has been converted into MgNH4P04, preferably overnight. Filter and wash care- 
fully with the dilute NH4OH, until all chlorides have been removed. Dry and ignite 
slowly until all the C is consumed. Cover and ignite intensely. Weigh the w^hite 
MgsPiOj and report as MgO. Mg^PjO; X0.3621 — MgO. (Ignition of dark colored 
residues with a drop of 20% XH4XO3 will often improve the color. If the nitrate is 
added, use care to avoid spattering.) 

21 ALCOHOL PRECIPITATE^TENTATIVE 

To 100 cc of prepared soln, 2(bi) or 2(Ci), in a beaker, add 4-8 g of sucrose (1 or 2 
lumps of cube sugar) if sugar is not already present, and evaporate to a volume of 
20-25 cc. If water-insoluble matter separate.s during evaporation add more sugar. 
Cool to room temp, and add slowly and with constant stirring 200 cc of 95% alcohol. 
Allow to stand at least 1 hour, filter on a 15 cm qualitative paper, and wash the pre- 
cipitate with 95% alcohol. Wash the precipitate back into the original beaker with 
hot H2O, rinsing the filter paper thoroly. Evaporate the soln to about 20 cc and 
add 5 cc of HCl (1 -t'2.5). If water-insoluble matter separates, stir well and, if neces- 
sary, warm slightly to dissolve. Again precipitate with 200 cc of 95% alcohol, allow 
to stand 1 hour, and filter thru paper. Wash the precipitate and paper thoroly with 
95% alcohol to remove all HCl. Rinse the precipitate from the filter paper with 
hot H2O into a Pt dish, evaporate to dryness on a steam bath, dry to constant 
weight in a water oven, and weigh; then ignite and weigh again. The loss in weight 
is the alcohol precipitate. 

As the precipitate in many samples is colorless and almost invisible, care must be 
exercised that none is lost in the dissolving and transferring operations. If the quan- 
tity of the alcohol precipitate, as indicated by its volume in the first precipitation, 
i.s not exce.ssive, the second filtration may be made thru a Gooch crucible containing 
a thin asbestos mat. If the alcohol precipitate is very pure and small in quantity 
it may not be visible at first. In this case, add a small amount of an electrolyte, like 
XaCl, which will flocculate the alcohol precipitate and render it visible. 

22 PECTIC ACrOi (DI-GALACTURONIC ACID) TENTATIVE 

Transfer a 200 cc aliquot of prepared soln, 2{bi) or 2(ci), to a beaker, add 8-12 g 
of sucro.se (2 or 3 lumps of cube sugar) if the soln does not already contain sugar, 
and evaporate to about 25 cc. If organic acids are to be determined in the filtrate 
from the pectin, cool, add 3 cc of A' H2SO4, and immediately add with constant 
stirring 200 cc of 95% alcohol, allow the precipitate formed to settle, filter on a 15 
cm qualitative paper, and wash with 95% alcohol. If organic acids are not to be 
determined, omit the addition of the HjSOi. Transfer the precipitate to the original 
beaker with hot H2O, evaporate to about 40 cc, and cool to 25 "^ or below. If water- 
insoluble matter separates during evaporation, stir vigorously and, if necessary^ 
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add a few drops of HCl (1+2.5), and warm; then cool again. Add 2-5 cc of 10% 
NaOH so n (the volume of the precipitate will indicate approximately the quantity 
to use) diluted with sufficient HiO to make a total volume of 50 cc. Allow to stand 
15 mm add 40 cc of H,0 and 10 cc of HCl (1 +2.5), and boil for 5 min. Filter, and 
wash the precipitate of pectic acid with hot H,0. This filtration should be rapid and 
the filtrate clear If the filtrate is cloudy or of a colloidal nature, reject the deter- 
mination. Colloidal filtrates are due to insufficient alkali or to saponification at too 
high a temp, or both In such cases, repeat the determination, using more alkali 
and keeping the temp. low. Wash the precipitate of pectic acid back into the beaker, 
adjust to a vohime of 40 cc, cool to below 25», and repeat the saponification with 
the dilute NaOH soln, the precipitation with the dilute HCl, and the boiling as 
above described. Again filter and wash the precipitate of pectic acid with hot H2O, 
but only to the point when a test of the filtrate shows a negligible quantity of acid. 
(Not more than 500 cc of total filtrate should be necessary.) Wash the pectic acid 
into a Pt dish and dry on a steam bath and finally in a water oven to constant 
weight. Weigh, ignite, and weigh again. The loss in weight is pectic acid 


PROTEIN— OFFICIAL 

Proceed as directed under II, 21, 23, or 25, using 5 g of jelly or other fruit product 
containing a large ^quantity of sugar, or 10 g of juice or fresh fruit, and a larger 
quantity of the H2SO4 if necessary for complete digestion. Percentage of N X6,25 = 
percentage of protein. 

24 TOTAL ACIDITY— OFFICIAL 

Dilute 10 g of prepared juice. 2(a), or 25 cc of prepared soln, 2(bi) or 2(Ci), with 
recently boiled H2O to about 250 cc, or less if the sample is not highly colored. 
Titrate with 0.1 X alkali, using phenolphthalcin indicator. With highly colored 
products, instead of phenolphthaleiii soln use azolitmin soln or ])hcnolphthalein 
powder, XV, 22, on a spot plate. Report the result as ec of 0.1 A' alkali per 100 g 
or 100 cc of the original material. 


25 VOLATILE ACIDS— OFFICIAL 

Dissolve 10 g of the sample, dilute to 25 cc, and distil in a current of steam, as 
directed under XV, 24. 1 cc of 0.1 IV alkali = 0.0060 g of acetic acid. 


TOTAL TARTARIC ACID^ 

Bi-lartrate M ethod—Tentatiue 
26 RRECARATION OF SAMPLE 

Clioose a quantity of sample whose titratable acidity in terms of normal acid 
does not exceed 3 cc. Designate as “A" thecc of normal alkali required to neutralize 
the quantity of sample chosen. In no case should the solids content exceed 20 g 
(200 cc of the sample soln of a jam or jelly). 

Adjust the volume of the sample to about 35 cc either by evaporation or by the 
addition of H2O, add 3 cc normal HaSO^, and heat to 50°. 

Pour the adjusted sample into a 250 cc volumetric flask, rinse with 10 cc of hot 
H2O and finally with 95% alcohol, cool, dilute to mark with the alcohol, shake, and 
filter thru a folded paper (cover funnel with a watch-glass). Pipet 200 cc of the fil- 
trate into a centrifuge bottle. 

If the sample contains alcohol, saponification is necessary. Adjust the volume 
to 35 cc, add "A” -|-3 cc of normal KOH, heat to about 60°, and allow to stand 
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overnight. Aikl “A” ec of normiil JI 2 SO 4 .‘Uui transfer to a 250 cc volumetric 
Hask, as described above. Filter, and pipet 200 cc of the filtrate into a centrifuge 
bottle. 

27 DETERMINATION 

To the soln in the centrifuge bottle add a quantity of Pb acetate soln eipial to 
“A’' +3 cc, or in case saponification was made, “A” +6. Shake vigorously for 2 
min., and centrifuge at about 1000 r.p.m. for 15 min. Prepare the Pb acetate soln 
by dissolving 75 g of normal Pb acetate in H 2 O acidulated witli 1 cc of glacial acetic 
acid and diluting to 250 cc with Il20. Carefully decant the supernatant liquid 
from the precipitated Pb salts and test with a small quantity of the Pb soln. If a 
precipitate is formed, return the mixture to the centrifuge bottle, add more Pb 
soln, shake, and again centrifuge. If the sediment lifts, repeat the centrifuging, 
increasing the speed and time. Allow to drain thoroly by inverting the bottle for 
several min. To the material in the centrifuge bottle add 200 cc of 80% alcohol, 
shake vigorously, and again centrifuge, decant, and drain. To the Pb salts in the 
centrifuge bottle add about 150 cc of H 2 O, shake thoroly, and pass in H 2 S to satura- 
tion. Transfer to a 250 cc volumetric flask, dilute to mark with H 2 O, and filter thru 
a folded paper. Transfer 200 cc of the clear filtrate to a 400 cc beaker, and evaporate 
on a gauze to 20 cc over a small flame. Neutralize with normal potassiiun hydroxide, 
using phenolphthalein indicator, and add 5 drops of the alkali in excess. Add 2 cc of 
glacial acetic acid and 80 cc of 95% alcohol slowly and with constant stirring. Chill 
in an ice bath, stir vigorously for 2 rain., and place in the refrigerator overnight. 
Decant the supernatant liquid onto a thin pad of asbestos in a Gooch crucible with 
a removable bottom, leaving about 25 cc in the beaker. To the contents of the 
beaker add about 0.3 g of dry purified asbestos. Mix thoroly and wash into the 
crucible with the cold filtrate. Finally wash the beaker and crucible with 3 portions 
of 15 cc each of ice cold 80% alcohol, sucking the crucible dry each time. Transfer 
the pad and precipitate to the original beaker with about 100 cc of hot H 2 O, heat 
almost to boiling, and titrate with 0.1 *V alkali, using phenolphthalein indicator, 1 
cc of 0.1 .V alkali =0.015 of tartaric acid. 

Racemate Method^ {Kling)~Teniative 

28 REAGENTS 

(a) Diamrnonium-ciLrale soln. — Dissolve 29 g of citric acid in about 200 cc of 
H 2 O and carefully neutralize with dilute NH^OH soln, using methyl red indicator. 
Add 14,5 g of citric acid, dilute to 1 liter, and filter. 

(b) Ammoniu7n-levo-taTtrale soln . — Dissolve 3.2 g of ammonium-levo-tartrate 
tree of tlie dextro-modvficalVou \n H^O, dllvile to 200 cc, and filler. Add \ cc of forma- 
liti as a preservaUve. 

fc) Calcium acetate soln. — Dissolve Ifi g of CaCOjin 120 cc of glacial acetic acid 
diluted with H 2 O, dilvite to 1 liter, and filter, 

fd) Dilute hydrochloric acid soln. — Dilute 34 cc of IK ’I with 11 2 O to 1 liter. 

(e) Calcium-sodium acetate soln. — Dissolve 5 g of Cat .'Oj in 20 g of acetic acid, 
add 100 g of sodium acetate, dilute to 1 liter, and filter. 

(f) Standard potassium permanganate Dissolve 6,9745 g of purest KMnO* 

in H 2 O and dilute to 1 liter. Standardize the .soln against a soln of pure tartaric acid 
of known titer in the same manner as in the final titration, 1 cc of KMnO* soln = 
nearly 0.005 g of tartaric acid. 

fg) Standard oxalic acid soln . — Dissolve 13.8793 g of purest oxalic aci<l in HaO 
and dilute to 1 liter. Titrate against the 8tandar<l KMnOi soln. 
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29 DETERMINATION 

Using the prepared sample, 26, proceed as directed under 27 thru the decom- 
position of the Pb salts with H2S, dilution to 2S0 cc, and filtration, Pipet 200 cc of 
the clear filtrate into a 400 cc beaker and evaporate to about 100 cc. Add 50 cc of 
H2O, 15 cc of the diammonium-citrate soln, 25 cc of the ammonium-levo-tartrate 
soln, and 20 cc of the calcium acetate soln. Stir vigorously until calcium racemate 
begins to precipitate and allow to stand overnight at room temp. Decant onto a 
thin, tightly-tamped pad of asbestos in a Gooch crucible with removable bottom 
and transfer the precipitate to the Gooch with a portion of the filtrate. Wash the 
contents of the crucible 5 times with H2O, filling the crucible about half full and 
sucking dry each time. Treat the precipitate and mat, after removal from the 
Gooch, with 20 cc of the dilute HCl soln, and wash the crucible thoroly with HjO. 
Adjust the volume of the soln to about 150 cc with H^O, add 50 cc of the calcium- 
sodium acetate soln, and heat to about 80°. Cool the soln, stir vigorously, and 
allow to stand at least 4 hours, stirring occasionally. Filter and wash as directed 
in the first operation. Transfer the pad and precipitate to a casserole with 150 cc 
of H2O, add 50 cc of H2SO4 (1+9), and heat to 80°. Immediately add the standard 
KMn04 soln until an excess is indicated Again heat to 80°, add an additional 5 cc 
of the permanganate soln, and allow' to stand about 1 min. After rebeating to 80°, 
immediately add 10 cc of the standard oxalic acid soln and titrate back with the 
KMnO* soln. The KMnO^ soln required for the oxidation (cc) X0.005 -j-2 = the 
tartaric acid in the aliquot. 

CITRIC ACID'(^TEWTATIVE 

30 REAGENTS 

Potassium bromide soln . — Dissolve 15 g of KBr in 40 cc of H2O. 

Potassium permanganate soln . — Dissolve 5 g of KMn04 in H2O and dilute to 
100 cc. 

Ferrous sulfate soln . — Dissolve 40 g of FeS04.7H20 in 100 cc of H2O containing 
1 cc of H2SO4. 

Lead acetate soln . — Dissolve 75 g of normal Pb acetate in H2O, add 1 cc of glacial 
acetic aci<l, and dilute to 250 cc. 

31 DETERMINATION 

To the prepared soln, 26, in the centrifuge bottle, add a quantity of the Pb ace- 
tate soln equal to '‘.V''+3, or in case saponification w'as made, “A” +6. Shake 
vigorously for 2 min, and centrifuge at about 1000 r.p.m. for 15 min. Carefully 
decant the supernatant liquid from the precipitated Pb salts and test with a small 
(piautily of the V\) soln; if a preeipifute is formed, return to the centrifuge bottle, 
add more P\> soln, shake, and again centrifuge. H the sediment lifts, repeat the 
centrifuging, increasing the speed and time. Allow to drain thoroly by inverting 
the bottle for several min. To the material in the centrifuge bottle add 200 cc of 
80% alcohol, shake vigorously, and again centrifuge, decant, and drain. To the Pb 
salt.s in the centrifuge bottle add about 150 cc of H^O, shake thoroly, and pass in 
H2S to sa(uraUo?i. Transfer to a 250 cc volumetric flask, dilute to mark with H2O, 
and filter thru a folded pa]>er. Pii)et 200 cc of the filtrate into a 500 cc Erlenmeyer 
flask, and evaporate to about 75 cc. ('ool, and add 10 cc of 112804 (I +1) and 5 cc of 
t he imtassium bromide soln. He.at the mixture to 48 50°, allow to stand for 5 min., 
and H<ld 50 cc of the lvMn()4 soln. Mix, and allow to stand 1 min. Stopper the flask, 
shake for about I min., and allow to stand 3 min. (During this time there should 
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be a heavy deposit of Mn 02 ; if necessary, add more KMn 04 to assure an excess of 
the oxidizing agent. If at any time during the oxidation the precipitated MnOa 
disappears, discard the determination and repeat, using more KMnO*.) Remove the 
MnOj with the ferrous sulfate soln (about 20 cc), cool to about 15*, stopper the 
flask, shake vigorously for several min., and place in the refrigenitor overnight. 
Decant the supernatant liquid onto a thin, tightly tamped pad of asbestos in a 
Gooch crucible (it is important that filtration be completed as quickly as possible). 
Note volume of filtrate (S in the formula) and use the filtrate to transfer the pre- 
cipitate to the crucible. Wash the contents of the crucible at once with 50 cc of 
ice-cold H 2 O. Dry by aspirating with dry air or in a vacuum desiccator and weigh. 
Remove the pentabromacetone by treating the contents of the crucible with three 
portions of 20 cc each of alcohol and three portions of 20 cc each of ether. Again dry 
and weigh. The difference in the two w' eights represents the weight of pentabromacc- 
tone. Calculate the mg of citric acid in the aliquot by the following formula: 

X = 1.05(0.424P+0.017S), in which 
X=mg of citric acid in aliquot, 

P = weight of pentabromacetone in mg, and 
S = volume of filtrate (cc). 

For drying the pentabromacetone bv aspiration, use the apparatus shown in 
Fig. 28. 

^1, Gooch crucible (28 mm diam.) loosely packed with cotton; 

S, Gooch crucible (35 mm diam.) for pentabromacetone; and 

C, Suction flask fabout 500 cc capacity). 



FO;. 28.~.\PP.\U.\TUa FOR DRYINfi PKNTA BROMACETONK BY ASIMK.ATION 

Dry' the air by passing it thru HzSOiand soda-lime, and finally filter thru cotton, 
(’ool the air entering the drying train bv passing it thru a spiral condenser cooled 
with H 5 O. 

Allow the crucible, R, containing the pentabromacetone, to remain under suction 
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for about 1 min. to remove surface moisture before placing in the apparatus. If the 
air does not pass thru freely, place the crucible in a desiccator for a short time. 
Maintain a slow uniform flow of air by just “cracking the suction.” Dry until the 
loss in weight does not exceed a few tenths of a mg, making the first weighing after 
20 min. 

LEVO-MALIC ACIDii—TENTATIVE 

32 PREPARATION OF SAMPLE 

Proceed as directed under 26, omitting the addition of the 3 cc of normal H2SO4 
to the adjusted sample. In case of saponification add cc normal H2SO4 to 

the saponified material instead of f^c. 

33 REAGENT.S 

(a) Lead acetate soln . — Dissolve 40 g of normal Ph acetate in H2O, add 0.5 cc 
of glacial acetic acid, and dilute to 100 cc. 

(b) Standard tribasic lead acetate soln . — Prepare the soln from the tribasic lead 
acetate described below. To 5 g of the salt in a 500 cc Erlenmeyer flask, a(i<l 200 cc 
of distilled II 2O and shake vigorously. Neutralize 3 cc of normal H2SO4, diluted 
with 200 cc of H2O, with the .soln, using methyl red as indicator. Note the volume 
of the lead soln required. In the determination use 2 cc in excess of this quantity. 
The solution should be freshly prepared. 

fc) Tribasic lead acetate . — Dissolve 82 g of normal Pb acetate in 170 cc of dis- 
tilled H 2 O. Prepare 100 cc of dilute NH 4 OH containing 5.8 g of Nils as determined 
by titration (metbyl red). Heat the solus to 00°, mix thoroly, and allow to stand 
overnight. Shake vigorously to break up the precipitate, and filter on a Btichner 
funnel; wash once with H2O and suck dry, then twice with 95% alcohol, and finally 
with ether. Allow to dry in air. 

34 DETERM IN A’r [ON 

To the material in the centrifuge bottle, add about 75 mg of tartaric acid and a 
quantify of the Pb acetate soln equal to “A,'’ or “A” -{-3 cc in case saponification 
was made, shake vigorously for 2 min. and centrifuge at about 1000 r.p.m. for 
15 min. Carefully decant the supernatant liquid from the precipitated Pb salts and 
test with a small quantity of the Pb acetate soln. If a precipitate is formed, return 
to the centrifuge bottle, add more Pb acetate, shake, and again centrifuge. If the 
sediment lifts, repeat the centrifuging, increasing the speed and time. Allow to drain 
thorolv l>y inverting the bottle for several min. Add about 200 cc of 80% alcohol, 
shake vigorously, again centrifuge, decant, and drain. To the Pb salts add about 
150 cc of H2O, shake vigorously, and pass in a rapid stream of H2S to saturaiion. 
Stopper the bottle aiul shake for about 1 min. Transfer to a 250 cc volumetric flask 
with II2O, dilute to mark, shake, and filter thru a folded paper. Pipet 220 cc of the 
filtrate into a 000 cc beaker and evaporate on a gauze to about 50 cc. Cool, neutralize 
with normal KOII (phenolphthalein) and add 5 drops in excess. Add 2 cc of glacial 
acetic acitl and transfer with 95% alcohol to a 250 cc volumetric flask. Add alcohol 
to mark, shake, and pour into a 500 cc Erlenmeyer flask. Add a small handful of 
glass beads and cool to 15°. Stopper the flask, shake vigorously for 10 min., and 
place in the refrigerator for 30 min. Again shake for 10 min. and filter thru a folded 
paper. Pijiet 220 cc of the clear filtrate into a centrifuge bottle, add Pb acetate soln 
equal to “A” (“A” +3 cc in the case of saponification), shake vigorously for about 2 
min., centrifuge, decant, and drain. Add 200 cc of 80% alcohol, shake, centrifuge, 
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decant, and drain. Transfer the Pb salts to a 500 cc Erlenmeyer flask with about 
175 cc of H 2 O. Add 3 cc of normal H 2 SO<, heat to boiling, and then add 1 cc of 
acetic acid soln (6+95) and the quantity of the standard tribasic Pb acetate aoln 
previously determined under 33 . Boil the mixture for 5 min., cool to room temp., 
transfer to a 250 cc volumetric flask with H 2 O, dilute to mark, shake, and pour 
into a 500 cc Erlenmeyer flask. Add a small handful of glass beads, cool to 15®, 
shake vigorously for 5 min., and place in the refrigerator for 30 min. Again shake 
for 5 min. and filter thru a folded paper. Saturate the clear filtrate with HjS, shake 
vigorously, and filter. 

Folarization . — Evaporate cc of the clear filtrate over a gauze to about 10 cc, 
neutralize with normal potassium hydroxide (phenolphthalein), make slightly acid 
with the dilute acetic acid, and evaporate to about 5 cc. Transfer to a 25-27.5 cc 
Giles flask with I+O, dilute to the 27.5 cc mark, shake, and pour into a small Erlen- 
meyer flask. If a Giles flask is not available, use a 25 cc measuring cylinder, dilute 
to mark, and add 2.5 cc of H 2 O from a buret. Add a small handful of glass beads 
and 4 g of powdered uranium acetate, shake vigorously for 10 min., and filter. (As 
the uranium-malic complex is sensitive to light, while shaking wrap the flask in a 
towel and protect from light as much as possible during filtration and polarization.) 
Polarize in a 200 mm tube at 20°, using white light. After filling the tube, release 
the tension on the glass disks by slightly loosening the caps, and allow to remain 
at 20° for at least 30 min. before making the readings. 

The Ventzke reading Xthe factor 30.1 =the mg of levo-malic acid contained in 
the portion taken for analysis. (The factor 30.1 is empirical, therefore all directions 
must be rigidly followed, particularly with respect to dilutions. The substitution 
of volumetric flasks of different capacities than those specified is not permissible.) 

If temp, control is lacking, determine the tern]), of the polariseope (lay the ther- 
mometer in the trough of the instrument), fill the Giles flask, shake with uranium 
acetate, and fill the polariseope tube at the temp, of the instrument. Place the tul)e 
in the trough of the instrument for 30 min. liefore making reading.s’. 

INACTIVE MALIC ACID'- -TENTATIVE 

(The method is empirical, therefore all the directions must be rigidly followed, 
particularly with respect to dilutions. The sult.stitution of volumetric flasks of differ- 
ent capacities than those specified is not permissible.) 

35 FREPAKATION OF .'iAMPI.K 

Subject 2 portions of the sample to the isolation procedure; use one portion for 
the determination of levo-malic acid (polarization) and the other for total malic 
acid, levo+in active (oxidation). Choose a quantity of sample whose tit ratable 
acidity does not exceed 150 mg of acid calculated as malic acid. Designate a.s “A” 
the cc of normal alkali required to neutralize the quantity of sample chosen. In no 
case should the solids content exceed 20 g (200 cc of the sample soln of a jam or 
jelly). 

Adjust the volume of tlie sample to about 35 cc either by evaporation or by the 
addition of H 2 O, pour into a 250 cc volumetric flask, rinse with 10 cc of hot H 2 () 
and finally with 95% alcohol, and dilute to mark with the alcohol. Shako, and filter 
thru a folded paper, draining thoroly and covering the funnel with a watch-glass. 
Ibpet 225 cc of the filtrate to a centrifuge bottle. 

If the sample contain.^ alcohol, saponification is necessary. Adjust tlm volume of 
the sample to 35 cc, add “A” +3 cc of normal KOH, heat to about (30% and allow 
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to stand overnigUt, Add ‘‘A’' +3 cc of normal 112^04 ami transfer to a 250 cc voUi- 
metrid flask, as directed above. Filter, and pipet 22^ cc of the filtrate to a centrifuge 
llask. 

30 UEA{.}UNTS 

Use the reagents described under 33 and in addition — 

(d) I^oiassium pennariganate soln . — Dissolve 14.5214 g of the purest potassium 
permanganate in distilled II 2 O and dilute to 1 liter. Standardize the soln as follows: 
Fipet 50 cc of the oxalic acid soln (e) into a 000 cc beaker and add 70 cc of distilled 
H 2 O and 10 cc of H 2 S 04 (1+1). Heat to 80°, immediately run in the permanganate 
soln until a faint pink color is produced, again heat to 80°, and finish the titration. 
Fifty cc of the permanganate soln should equal 50 cc of the oxalic acid soln; 1 cc 
of the permanganate soln =5 mg of malic acid (levo or inactive). 

(e) Oxalic acid soln . — Dissolve 28.7556 g of the purest oxalic acid in distilled II 2 O 
and dilute to 1 liter. 

37 UETKHMIN'ATION 

(a) Isolation of total malic acid . — To the soln in the centrifuge bottle add about 
25 mg of citric acid and a quantity of the Pb acetate soln equal to “A” (in case 
saponification is necessary, add “A” +3 cc), shake vigorously for 2 min., and centri- 
fuge at about 1000 r.p.m. for 15 min. Carefully decant the supernatant liquid from 
the j)recipitatcd Pb salts and test with a small quantity of the Pb acetate soln; if 
a precipitate is formed, return to the centrifuge bottle, add more Pb acetate, shake, 
and again centrifuge. If the sediment lifts, repeat the centrifuging, increasing the 
speed and time. Allo\^' the precipitate (0 drain Ihoioly by inverting the bottle for 
several min. .\dd 200 cc of 80% alcohol and shake vigorously; again centrifuge, 
decant, and drain. Add about 150 cc of H^O to the Pb salts, shake vigorously, and 
pass ill a rapid stream of to saturaiion. Stopper the bottle and shake for about 
I min. Transfer the mixture to a 250 cc volumetric flask with H 2 O, make to mark, 
shake, and filter, Pipet 2+) cc of the filtrate into a 600 cc beaker, and evaporate to 
about 100 cc to expel II 2 S. Transfer to a 250 cc volumetric flask with H 2 O. (The 
volume in the flask should be about 200 ce.) Add 5 cc of acetic acid (1 +9), and the 
same quantity of Pb acetate soln previously used. Shake vigorously, dilute to mark 
with H 2 D, and filter. Into the clear flltrate pass a rapid stream of H 2 S to saturation, 
stoiiper the flask, shake vigorously, and filter. Pipet 225 cc of the filtrate into a 600 
cc beaker, add about 75 mg of tartaric acid, and evaporate on a gauze to about 50 cc. 
(•ool, neutralize with normal potassium hydroxide (plienolphthulein) and add 5 
drops in excess, .\dd 2 cc of glacial acetic acid and transfer the mixture to a 250 cc 
vohimetrie flask with 95% alcohol. Dilute to mark with the alcohol, shake, and 
pour into a 500 cc Eilenmeyer flask. Add a small handful of glass beads and cool 
to 15°. Stopper the flask, shake vigorously for 10 min. and place in the refrigerator 
for 30 min. Again shake for 10 min. and filter thru a folded paper. Adjust the clear 
filtrate to 20° and pipet d.io cc into a centrifuge bottle. Add Pb acetate soln equal 
to “A” (“A" +3 cc in the case of saponification), shake vigorously for about 2 min., 
centrifuge, decant, and drain. Add 200 ce of 80% alcohol, shake, centrifuge, decant, 
and drain. Transfer the Pb salts to a 500 cc Erlenmeyer flask with about 175 cc of 
HaO. Add 3 cc of normal 112 S 04 and heat to boiling; add 1 cc of acetic acid (5+95) 
and the quantity of the standard tribasic Pb acetate soln previously determined 
under 33. Boil the mixture for 5 rnin,, cool to room temp., transfer to a 250 cc volu- 
metric flask with H 2 O, make to mark, shake, and pour into a 500 cc Erlenmeyer 
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flask. Add a small handful of glass beads, cool to about 15°, shake vigorously for 5 
min., and place in the refrigerator for 30 min. Again shake for 5 min. and filter thru 
a folded paper. Saturate the clear filtrate with II aS, shake vigorously, and filter. 
Use one of the two portions for polarization and the other for oxidatipn. 

(b) Polarization, — Evaporate 22o cc of the clear soln over a gauze Xo about 10 cc 
and proceed as directed under polarization (levo-malic acid), 34. 

Ventzke reading Xthe factor 10.2 -the ntg of levo-malic acid contained in the aliquot 
(“1” in the formula). 

(c) Oxidation.— Evaporate 22j cc of the clear soln to about 10 cc to expel the 
last traces of alcohol, dilute to about 120 cc with HjO, and add 10 cc of a 30% 
NaOH soln and 25 cc of the potassium permanganate soln. Heat to about 80“ and 
place in a boiling water bath for 30 min. Add 25 cc of the oxalic acid soln and 10 cc 
of HiS 04 (1+1), stirring vigorously. Adjust the temp, to 80“, and titrate to a faint 
pink color with the permanganate soln. Again heat to 80“ and finish the titration. 
The quantity of permanganate used (cc)X5 = the total oxidizable material (as 
malic acid) present in the aliquot (“t” in the formula). 

(d) Calcu/afion. — Calculate the inactive malic acid “X” (mg) in (he portion taken 
for analysis by the following formula: 

X=4(t— 5— 1), in which 

t =total oxidizable material (mg) as malic acid; 

1 =levo-raalic acid (mg); 

5=correction factor for the quantity of non-malic material (mg) as malic acid;- 
4 = factor for reverting inactive malic acid in aliquot i)ack to the quantity of the 
inactive acid in the portion taken for analysis. 

38 FREE MINERAL ACIDS -TENTATIVE 
Proceed as directed under XXXIII, 80-82. 

SUCROSE 

39 By l^olnrizaiion — Olllcial 

Determine by polarizing before and after inversion, as directed under XXXIV, 
22, 23 or 27. 

40 By Reducing Sugar.<i Before and After hiversion — Ojficiul 
Proceed as directed under XXXIV, 28. 

41 REDUCING SUGARS OFFICIAL 

Proceed as directed under XXXIV, 37, and express the results a.s invert .sugar. 

42 COMMERCIAL GLUCOSE -OFFICIAL 
Proceed as directed under XXXIV, 30. 

43 DEXTRIN -TENTATIVE 

Dissolve 10 g of the sample in a 100 cc flask and add 20 mg of KF and then about 
i of a cake of compressed yeast. Allow the fermentation to proceed below 25“ for 
2-3 hours to prevent excessive foaming and then incubate at 27 -30“ for 5 days. At 
the end of that time, clarify with basic Ph acetate soln and alumina cream; make up 
to 100 cc, filter, and polarize in a 200 mm tube. A pure fruit jelly will show a dextro 
or levo rotation of not more than a few tenths of a degretx If a polariscope having 
the Ventzke scale is used an<l a 10% soln is polarized in a 200 mm tube, the number 
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of degrees read on the sugar scale of the instrument XO. 8755 = the percentage of 
dextrin; or the following formula may he used: 

. CXIOO . , . , 

Percentage of dextrin = — - — in which 

^ mxLxW 

C=^dcgrecs of circular rotation; 

Z/ = length of tube in decimeters; and 
W = weight of sample in 1 cc. 

STARCH 

41 Qualitative Test — Official 

Dilute a portion of the sample with H2O, heat nearly to boiling, add several cc of 
H2SO4 (1 +9), and then add 10% KM11O4 soln until all color is destroyed. Cool, and 
test wdth I soln, XXXIII, 28(f). The presence of starch is not necessarily an indica- 
tion of its addition as an adulterant. It is usually present in small quantity in the 
apple, and occasionally in other fruits, and unless it is found in the fruit product in 
considerable quantity its presence may be due to these natural sources. 

GELATINw 

45 Qualitative Test—Tentative 

The presence of gelatin in jellies and jams is shown by the increased content of N. 
Precipitate a concentrated soln of jelly or jam with 10 volumes of absolute alcohol 
and determine N in the dried precipitate as directed under II, 21, 23, or 25. 

AGAR AGAR 

46 Detection hy Microscopic ExaminatiorO'^ — Tentative 

Heat the jelly with H2SO4 (1 -f-18), add a crystal of KMn04, and allow' to settle. 
If agar agar is present, the sediment will be rich in diatoms, which can be detected 
by the use of the microscope. The diatoms adhere to the glass and are best obtained 
by pouring out the liquid, washing the glass ^vith 2 or 3 drops of alcohol, and trans- 
ferring the alcohol to a microscopic slide by means of a glass rod. 

47 Detection by Precipitation — Tentative 

Cover 30 g of the jam or jelly with 270 cc of hot H2O, stir until thoroly disin- 
tegrated, and boil for 3 min. Filter immediately, while still boiling hot, thru a rapid 
qualitative filter paper. In the presence of agar agar a precipitate will form upon 
standing not longer than 24 hours. Filter, wash with cold HjO, and dissolve from 
the paiHM- by means of a very small quantity of boiling H^O. Upon chilling this hot 
H2O soln a firm jelly that can be examined by the touch will be formed. This method 
will detect 0.2% of agar agar with certainty if the proportions of jam or jelly and 
H2O are strictly ol)served. 

48 ADDED WATER IN GRAPE JUICE’^TENTATIVE 

(Applicable to white juices only.) 

Measure about 50 cc of ihe Jittered juice into a 2 ozi tincture bottle containing a 
number of short pieces of glass rods. Add about 1 g of finely powdered purest po- 
tassium acid tartrate, cool fo 25°, and shake 1 hour at this temp. (There should be 
undissolved bitartrate in the juice; if there is not, repeat the operation, using more 
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of the salt.) I mmudiafeln filter the juice and titrate 10 cc of the filtrate with 0.1 N 
alkali, using phenolphthalein ii)dic<ator. In the same manner titrate 10 cc of the 
original filfered juice. An increase in the titer of the treated sample is an index of 
added H 2 O. The two titrations should be made side by side in order to obtain the 
same shade of pink. 

For control of temp, during the saturation period the following procedure is 
suggested: Immerse the tightly corked tincture bottle, neck down, into a pint Mason 
jar filled top-full wdth H 2 O at 25°. Adjust the Mason jar cover, immerse the jar in a 
pail of H 2 O of 25° and maintain this ten^p, for 30 min. Remove the jar from the 
H 2 O and immediately wrap in 3 sheets of heavy wrapping paper, making each 
wrapping separately. Place the system in a shaker and shake for 1 hour. Ascertain 
the temp (t° in the formula) of the H 2 O in the jar. Determine the titers of the 
treated and untreated juices as directed above and calculate the volume % of 
added sugar sohi (H 2 O) by the following formula: 

0.0188 (b -a) -0.095 -0.025 


R*=Vol. added H.>0 (20% sugar soln), 

6 = Acidity of treated juice, cc O.l N alkali per 100 cc, 
a = Acidity of original juice, cc 0.1 .V alkali per 100 cc, and 
= Temperature of H 2 O in Mason jar after shaking. 

Pure factorv juice.s examined bv this method show a .small t]iiantitv of a<hled 

H 2 O a-3%).‘ 

49 METALS 
Proceed as directed under XXIX. 

50 PRESERVATIVES 
Proceed as directed under XXXIl. 

51 COLORING MATTERS 
Proceed as directed under XXL 

52 SWEETENING SITBSTITUTES 
Proceed as directed under XXXII, 13, 14, 38, 39- 
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PREPARATION OF SAMPLE— OFFICIAL 


{jHikI the sample to pass thru a sieve having circular openings 1/25 in. (1 mm) 
in diameter and mix thoroly. If the sample cannot be ground, reduce it to as fine a 
condition as possible. 


MOISTDRKi 

2 /. Drying with Heat — 0_[ficiat 

Dry to Constant weight at 95-100° under a pressure not to 
exceed 100 mm of Ilg (approximately 5 hours), a quantity of 
(he substance representing about 2 g of dry material. Use a 
covered A1 dish at least 50 mm in diameter and not exceeding 
40 mm deep. If the substance is contained in a glass vessel, 
the latter should not come in contact with the boiling H 2 O. 
Report the loss in weight as moisture. 

II. B'lj Distillation with Toluene— Official 

3 APPARATUS 

A 250 cc di.stilling flask of Pyrex or other resistant glass con- 
nected by means of a '‘distilling tube receiver” to a 20-in., 
sealed-in, sti’aight-tuf)e Liebig condenser with delivery tube 
not over 5/10 in. in diameter in the manner shown in Fig. 29. 
The distilling tube receiver is of the dimensions shown and is 
made by attaching a proper side tube to the calibrated sec- 
tion of a 5 cc Mohr pipet and sealing the outlet. The tube is 
calibrated in lengths of a cc by distilling known quantities of 
HjO into the graduated column, and the column of H 2 O may 
be read to hundredths with reasonable accuracy. Clean the 
tui)C arul condenser with Cr 203 ~H 2 S ()4 mixture, rinse thoroly 
with H 2 O, then with alcohol, and dry in an oven to prevent an 
undue quantity of HoO adhering to the inner surfaces during 
the determination. 

4 D KTE RM IX .\T I ox 

If the sample is likely to bump, add enough dry sand to 
cover the bottom of the flask. Add sufficient toluene to cover 
the sample completely (about 75 cc). Weigh and introduce 
into the toluene siifficicmt sample to give 2-5 cc of HjO and 



FIG. 2t^.~.\FPARATUB 
USED IN METHOD II, 
FOR THE DETER- 


ctmnect the apparatus as shown in Fig. 29. Fill the receiving minatiON OP 
tube with toluene, pouring it thru the top of the condenser. MOISTURE 
Bring to a boil and distil slowly, about 2 drops per second, 
until most of the H 2 O has passed over; then increase the rate of distillation to about 
4 dro[)8 per second. When all the IInO is apparently over, waisli down the condenser 
by pouring toluene in at the toj), continuing the distillation a short time to ascertain 
whether any more HA) will distil over; if it does, repeat the washing down process. 
If any HA) remains in the condenser, remove it by brushing down with a tube brush 
attached to a Uu wire and saturated with toluene, washing down the condenser at 
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the same time. The entire process is usually completed within an hour, Allow the 
receiving tube to come to room temp. If any drops adhere to the sides of the tube, 
force them down by means of a rubber band wrapped around a Cu wire. Read the 
volume of HjO and calculate to percentage. 

III. Drying u'ithout Heal over Sulfuric Acid^ — Official 

5 UEAOENT 

Sulfuric acid — Boil HjSO^ in a large Kjeldahl flask for 4 hours, close the mouth 
of the flask with a stopper carrying a CaCh tube, and cool. 

6 DETERMINATION 

Weigh a suitable quantity of the sample (2-5 g) into a metal dish 5-10 cm in 
diameter and provided with a tightly fitted cover. If subsequent fat determinations 
are to be made, lat extraction cones may be used. Substances that dry down to 
horn-like material should be mixed with fat-free cotton or other suitable material. 
Place 200 cc of the fresh II 2 SO 4 in a strong, tight vacuum desiccator. Then place 
the dish, uncovered, in the desiccator and exhaust by means of a vacuum pump to 
a pressure of not more than 10 mm of Hg. 

If a pump is not available, place 10 cc of ether in a small beaker in the desiccator 
and exhaust with a water filter pump. Between the pump and the desiccator inter- 
pose an empty bottle next to the desiccator and a bottle of II^O next to the pump. 
Draw the air from the desiccator thru the H 2 O and turn the desiccator stopcock the 
instant the H^O begins to rise in the tube leading from the empty bottle. 

Gently rotate the desiccator 4 or 5 times during the first 12 hours. At the end of 
24 hours open the desiccator, causing the incoming air to bubble thru H 2 S 04 , place 
the cover on the dish, and make the first weighing. After weighing place the sample 
in a desiccator containing fresh H 2 SO 4 and exhaust as before. Rotate the desiccator 
several times during the interval and weigh again after a suitable period of drying. 
Repeat this process until the weight is constant. 

7 IV. Electric Air-Oven Method^- — Official 

(Not intended for use when a sub.sequent fat determination is to he 
made on the same sample.) 

Regulate an electric air oven to ISo®, ±2°. Using low, covered A1 dishes, 2 , weigh 
approximately 2 g of the sample into each disband shake until the contents are 
evenly distributed, With the covers removed, place the dishes and covers in the 
oven as quickly as possible and dry the samples for 2 hours. After placing the covers 
on the dishes transfer them to a desiccator to cook Weigh, and calculate the lo.ss in 
weight as moisture. 

8 ASH-OFFICIAL 

Weigh a quantity of the substance representing about 2 g of dry material ami 
burn at a low heat, not exceeding dull redness, until free from C. If a C-free ash 
cannot be obtained in this manner, exhaust the charred mass with hot IGO, collect 
the insoluble residue on an ashless filter, and burn the filter and contents to a white 
or nearly white ash. Add the filtrate, evaporate to dryness, and heal at dull redness 
until the ash is white or grayish white, (^ol in a desiccator and weigh. 

9 CRITOE PROTEIN— OFFICUL 

Determine N as directed under II, 21 , 23, or 25, and multiply the result by 0.25, 
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QUALITATIVE TESTS FOR PROTEINS^ -OFFICIAL, FIRST ACTION 

Biuret Test 

{Unreliable in the presence of glycerol.) 

10 REAGENT 

Add slowly with stirring 25 cc of a 3% soln of CuSO^ to 1 liter of 10% NaOH. 
If it is necessary to filter the reagent, use glass wool. 

11 DETERMINATION 

To 2 or 3 cc of the protein soln add, with shaking, a few drops of the reagent. 
If the characteristic pink or violet color does not develop quickly, allow the sola 
to stand for 15 or 20 min. In the presence of (Nil 4)2804 the addition of NaOH is 
necessary. 

(a) Osborne’s modification. — -This modification of the biuret test greatly increases 
its delicacy. Make the test as described above. Then add 10-20 drops of 95% ethyl 
alcohol and a piece of solid NaOH (about 5 g). The alkali "salts out" the small 
quantity of alcohol, which carries with it the color present, and in this way the 
presence of small quantities of protein can be detected. 

The biuret test is dependent on the peptide grouping, -HN .CO. NH-, and there- 
fore is given by all proteins. It is also given by certain other compounds containing 
similar groupings, such as biuret, H 2 N . CO . NH . CO . NH 2 , and maionamide, 
H 2 N.CO.CH 2 .CO.NH 2 . Compounds containing one— CO.NHj and one — CSNH 2 , 
— (.'(NIONH'i or — CH 2 NII 2 similarly joined will also respond to this test. 

Milton* s Test 

(Given by all aromatic substances, such as phenol and salicylic acid, which con- 
tain a benzene nucleus with a substituted hydroxyl group. In proteins this grouping 
is furnished by the amino acid tyrosine.) 

12 REAGENT 

Dissolve, by gently warming, one part by weight of Hg in two parts by weight of 
HNO 3 , sp. gr. 1.42. Dilute the soln with two volumes of H 2 O. Allow the mixture to 
stand overnight and decant the supernatant liquid. The soln contains Hg(N 03)2 
and HgNOs, HNO 3 , and some HNO.. 

13 determination 

Add a few' drops of the reagent to 4 or 5 cc of the protein soln in a test tube. 
Warm gently by immersing for a few’ minutes in hot HoO, .-V pink or a red color 
slow’ly develops and a precipitate usually forms. If the substance is a solid, suspend 
in 3 or 4 cc of 1I >0 and treat as directed above. Alkaline sulns should first be neutral- 
ized to avoid precipitation of HgO. 

Gb/oxylic Acid Test (Hopkius'Cole) 

14 REAGENT 

Add sufficient II 2 O to cover liberally 10 g of powdered Mg in a large Erlenmeyer 
flask. Add 250 cc of a cold saturated soln of oxalic acid, keeping the flask cool under 
the w’ater tap during the addition of the acid. After the reaction is over shake the 
mixture and filter. Acidify the filtrate wuth acetic acid and make the volume up to 
1 liter with distilled H 2 O. 
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15 DETERMINATION 

To 1 or 2 cc of the protein soln in a test tube add 3 cc of the reagent and mix 
thoroly. By means of a pipet allow the mixture to flow gently down the side of a 
second test tube (slightly inclined) containing 5 cc of H 2 SO 4 . A reddish-violet color 
forms at the junction of the fluids, owing to the presence of tryptophane in the 
protein, 

16 Adamkiewicz Test 

Proceed as directed under 15, except to use glacial acetic acid instead of a pre- 
pared soln of glyoxylic acid. The color reaction depends on the presence of traces 
of glyoxylic acid formed from the glacial acetic acid. 

17 Xanthoproteic Test 

Add about 1 cc of HNO3 to 3 cc of the protein soln. A white precipitate forms, 
which on boiling assumes a yellow color and may dissolve to give a yellow soln. 
Cool, and make slightly alkaline by the careful addition of 30% NaOH. The color 
changes to deep orange. The color development depends on the formation of nitro 
derivatives attached to the benzene nucleus, and in proteins is referable primarily 
to the amino acids tyrosine and phenylalanine. 

ALBUMINOID NITROGEN OFFICIAL 

18 REAGENT 

Cupric ftydroxide.— Dissolve 100 g of CUSO 4 . 5 H 2 O in 5 liters of H 20 ; add 2.5 cc 
of glycerol, and then add 10% XaOH soln until the liquid is slightly alkaline; filter; 
rub the precipitate in a mortar with H 2 O containing 5 cc of glycerol per liter; and 
wash by decantation or filtraiioii until the washings are no longer alkaline. Again 
rub the precipitate in a mortar with H 2 O containing 10 % of glycerol, thus pre- 
paring a uniform gelatinous mass that can be measured with a pipet. Determine 
approximately the quantity of (’u(OH )2 in 5 cc by diluting to 50 cc with H 2 O, 
filtering, washing, igniting, and weighing as CuO. 

19 DETERMINATION 

Place 0.7 g of the sample in a beaker, add 100 cc of H 2 O, and heat to boiling; or, 
in case of substances rich in starch, heat on a steam bath for 10 min., add a quantity 
of the reagent that contain.s about 0.5 g of the Cu(OH):, stir thoroly, filter when 
cold, wash with cold HjO, and without removing the precipitate from the filter de- 
termine the X as directed under 11, 21, 23 or 25, adding sufficient K 2 S or Na 2 S soln, 
II, 19(h), to precipitate all the Cu and Hg. The filter paper used must be practically 
free from X. If the material (such as seeds, seed residue, or oil cake) is rich in alka- 
line pho.sphates, add 1-2 cc of a 10% soln of NHs-free soda alum to decompose the 
alkaline phosphates, then the Cu(OH) 2 , and mix well by stirring. If this is not done, 
Cu phosphate and free alkali may be formed and the protein-copper precipitate 
partially dissolved in the alkaline liquid. 

20 AMIDO NITROGEN OFFICIAL 

Hubtracl the percentage of albuminoid N from the percentage of total N to obtain 
the amido N. 
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CRUDE FAT OR ETHER EXTRACT 

Direct Method — Dpcial 

21 REAGENT 

Anhydrous ether. — Wash commercial ether with 2 or 3 successive portions of HaO, 
add solid NaOH or KOIl, and let stand until most of the HjO has been abstracted 
from the ether. Decant into a dry bottle, add small pieces of carefully cleaned me- 
tallic Na, and let stand until there is no further evolution of H gas. Keep the ether, 
thus dehydrated, over metallic Na in loosely stoppered bottles. 

22 determination 

Large quantities of soluble carbohydrates may interfere with the complete ex- 
traction of the fat. In such cases extract with HjO before proceeding with the deter- 
mination. Extract about 2 g of the sample, dried as directed under 2, 6, or 7, with 
the anhydrous ether for 16 hours. Dry the extract at the temp, of boiling HjO for 
30 min., cool in a desiccator, and weigh; continue, at 30 min. intervals, this alter- 
nate drying and weighing until the weight is constant. For most feeds a period of 
1-1.5 hours is required. 

23 Indirect Method — Official 

Determine moisture as directed under 2, 6, or 7 ; then extract the dried substance 
for 16 hours as directed under 22, and dry again. Report the loss in weight as ether 
extract. 

FAT IN DRIED MILK PRODUCTS 

24 Modified Roese-Gotilieh Method^ 

Weigh I g of ivell-mixed milk powder and transfer immediately into a dry Mojon- 
nier extraction flask or a dry Rbhrig tube. Add 8.5 cc of warm H 2 O, cork, and shake 
vigorously until dissolved, warming slightly if necessary to room temp. Add 1.5 cc 
of NH^OH and shake thoroly; add 10 cc of 95% ethyl alcohol and shake thoroly; 
add 25 cc of ethyl ether, cork, and shake thoroly; and finally add 25 cc of petroleum 
ether and shake as before. Allow the ether layer to separate by leaving the flask or 
tube at rest for 20 min, or until the upper liquid is practically clear. Draw oflf as 
much as possible of the ether fat soln in a flask or A1 dish. Evaporate on the hot 
plate or steam bath at a temp, that effects complete evaporation, but not so high 
‘ that spattering or vigorous boiling will result. To the residue in the flask or tube add 

4 cc of 95% ethyl alcohol and mix thoroly without inserting the stopper. Add 15 cc 
of ethyl ether and shake thoroly; add 15 cc of petroleum ether and again shake thor- 
oly. Let stand and separate the ether layer as before, drawing it off into the same 
flask or dish and evaporating the ether. 

Make a third extraction in exactly the same manner as the second, omitting the 
addition of alcohol. If necessary, carefully pour a few cc of distilled HjO dowm the 
side of the tube to raise the level of the aqueous layer, so the ethers may be com- 
pletely poured off. (At no time should any of the aqueous layer be allowed to run 
into the dish.) 

After the ether is entirely evaporated, place the dish in a Mojonnier oven for 

5 min. with the temp, at exactly 135^, or in a boiling water oven for 30 min., or 
longer if required to bring it to constant weight. 

Remove the fat completely with petroleum ether and dry the residue; weigh, and 
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deduct from the total weight. The loss in weight is the percentage of fat. Finally, 
correct this weight by a blank determination on the reagents used. 

Notes. — The time required for each shaking after addit ion of the first portion of 
alcohol and subsequent additions of either ethyl or petroleum ether should be not 
less than 30 seconds, and the shaking should be very vigorous. 

Each time after drawing off the ether layer the lip of the extraction flask or the 
spigot should be rinsed with petroleum ether, and the rinsings allowed to run into 
the A1 dish. 

The cork should be washed down at least once with petroleum ether. , 

,Petroleum ether should have a boiling point below 00'^, and both petroleum and 
ethyl ether should be free from residue on evaporation. 

The official method, XXII, 19, requires the use of a small quick-acting filter for 
drawing off the ether layer and washing the filter with petroleum ether. However, if 
care is used in making the separation, the use of the filter is not absolutely necessary. 

CRUDE FIBER*— OFFICIAL 

25 REAGENTS 

(a) Sulfuric acid soln. — Contains l.‘25 g of H2SO4 per 100 cc. 

(b) Sodium hydroxide soln. — Contains 1.25 g of NaOH per 100 cc, free, or nearly 
so, from NajCOs. 

The strength of these solns must be accurately cheeked by titration. 

(c) iisbesios.—Digest on a steam bath or at an equivalent temp, for at leUvSt 8 
hours with an approximately 5% NaOH soln and thoroly wash with hot H2O; then 
digest in a similar manner for 8 hours with HCl (1+3) and again wash thoroly with 
hot H2O. Dry, and ignite at bright red heat. 

26 APPARATUS 

(a) Condenser. — Use a condenser that will maintain a constant volume of soln 
thruout the process of digestion. 

(b) Digestion flasks. — Use digestion flasks of such size and shape that the soln 
will be not less than 1 in. nor more than 1,5 in. in depth. A 700-750 cc Erlenmeyer 
flask is recommended. 

(c) Filtering cloth . — Use filtering cloth of such character that no appreciable solid 
matter passes thru when filtering is rapid. Butchers linen or dress linen with about 
45 threads to the inch or No. 40 filtering cloth made by the National Filter (.'loth 
and Weaving Company, or its equivalent, may be used. 

27 DETERMINATION 

Extract 2 g of the dry material with ordinary ether, or use the residue from the 
ether extract determination f22 or 23), and tran.sfer the residue, together with about 
0.5 g of asbestos, to the digestion flask.* (If the re.sidiie from the ether extract is 
used and the proper quantity of asbestos has already been added, further addition 
is unnecessary.) Add 200 cc of the boiling H28O4 soln, immediately connect with 
the condenser, and heat. (It is essential that the contents of the flask come to boiling 
within 1 min. and that the boiling continue briskly for exactly 30 min.) Rotate the 
flask about every 5 min. in order to mix the charge thoroly. Take care to keep the 
material from remaining on the sides of the flask out of contact with the soln. 
(A blast of air conducted into the flask will serve to reduce frothing of the liquid.) 
At the expiration of 30 min. remove the flask, immediately filter thru linen in a 
fluted funnel, and wa.sh with boiling H2O until the washings are no longer acid. 
Bring a quantity of the NaOH soln to boiling and keep at this temp, under a reflux 
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condenser until used. Wash the charge and asbestos back into the flask with 200 cc 
of the boiling NaOH soln, using a wash bottle marked to deliver 200 cc. (The boiling 
NaOH sdln is conveniently transferred to the 200 cc wash bottle by means of a bent 
tube thru which the liquid is forced by blowing into a tube connected with the top 
of the reflux condenser attached to the NaOII flask.) Then connect the flask with 
the reflux condenser and boil for exactly 30 min. The boiling with the alkali should 
be so timed that the contents of the different flasks will reach the boiling point 
approximately 3 min, apart, which permits sufficient time for filtration. At the ex- 
piration of 30 min. remove the flask and immediately filter thru a Gooch prepared 
with an asbestos mat, thru an alundum crucible, or thru the filtering cloth in a 
fluted funnel. If the filtering cloth is used, thoroly wash the residue with boiling 
HaO and then transfer it to a Gooch crucible prepared with a thin but close layer 
of ignited asbestos. After thoro washing with boiling H 2 O, wash with about 15 cc 
of 95% alcohol. Dry the crucible and contents at 110° to constant weight. Cool in 
an efficient desiccator and weigh. Incinerate the contents of tlie crucible in an 
electric muffle or over a Meker burner at a dull red heat until the carbonaceous 
matter has been consumed (about 20 min.). Cool in a desiccator and weigh. Report 
the loss in weight as crude fiber. 

28 PREPARATION OF SOLUTION FOR SUGARS’^OFFICIAL 

Place 10 g of the material in a 250 cc volumetric flask. If the substance has an 
acid reaction, add 1-3 g of CaCOj to neutralize the acidity. Add 125 cc of 50% alco- 
hol by volume, mix thoroly, and boil on a steam bath for 1 hour, using a small fun- 
nel in the neck of the flask to condense the vapor. Cool, and allow' the mixture to 
stand several hours, preferably overnight. Make up to volume with neutral 95% 
alcohol, mix thoroly, and allow to settle. Pipet 200 cc of the supernatant soln into a 
beaker and evaporate on a steam bath to a volume of 20-30 cc. Do not evaporate 
to dryness. A little alcohol in the residue does no harm. Transfer to a 100 cc volu- 
metric flask and rinse the beaker thoroly with H 2 O, adding the rinsings to the con- 
tents of the flask. Add enough saturated neutral Pb acetate soln (approximately 
2 cc) to produce a flocculent precipitate, shake thoroly, and allow to stand 15 min. 
Dilate to the mark with HjO, mix thoroly, and filter thru a dry filter. Add sufficient 
anhydrous NajCOs or K oxalate to the filtrate to precipitate all the Pb, again filter 
thru a dry paper, and test the filtrate with a little anhydrous NaoCOa or K oxalate 
to make sure that all the Pb has been removed. 

29 REDUCING SUGARS— OFFICUL 

Proceed as directed under XXXIV, 37 or 48, using 25 cc of the soln (representing 
2 g of the sample) prepared as directed under 28. Express the results as dextrose or 
invert sugar, 

30 SUCROSE— OFFICIAL 

Introduce 50 cc of the soln prepared as directed under 28 into a 100 cc volumetric 
flask, add a piece of litmus paper, neutralize with IICI, add 5 cc of HCl, and allow 
the inversion to proceed at room temp, as directed under XXXIV, 23(c). When in- 
version is complete, transfer the soln to a beaker, neutralize with Na 2 C 03 , return 
the soln to the 100 cc flask, dilute to the mark with H 2 O, filter if necessary, and 
determine reducing sugars in' 50 cc of the soln (representing 2 g of the sample) as 
directed under 29, Calculate the results as invert sugar. Subtract the percentage 
of reducing sugars before inversion from the percentage of total sugar after inver- 
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sion, both calculated as invert sugar, and multiply the difference by 0,95 to obtain 
the percentage of sucrose present. 

Because the insoluble material of grain or cattle food occupies some space in the 
flask as originally made up, it is necessary to correct for this volume. To obtain the 
true quantity of sugars present multiply all results by the factor 0.97, as results of 
a large number of determinations on various materials have shown the average vol- 
ume of 10 g of material to be 7.5 cc. 


STARCH 

31 7. Direct Acid Hydrolysis— Ojlficial 

(Intended only for such materials as raw starch, potatoes, etc., including as 
starch the pentosans and other carbohydrate bodies that undergo hydrolysis and 
are converted into reducing sugars on boiling with HCl.) 

Stir a weighed quantity of the sample, representing 2.5-3 g of the dry material, 
in a beaker with 50 cc of cold H 2 O for an hour. Transfer to a filter and wash with 
250 cc of cold H 2 O. Heat the insoluble residue for 2.5 hours with 200 cc of H 2 O and 
20 cc of IICI (sp. gr. 1.125) in a flask provided with a reflux condenser. Cool, and 
nearly neutralize with NaOH. Complete the volume to 250 cc, fdter, and determine 
the dextrose in an aliquot of the filtrate as directed under XXXIV, 46 or 48. Weight 
of dextrose obtained XO. 90 -weight of starch.® 

II. Diastase Method with Subsequent Acid H ydrolysis— Official 

32 REAGENT 

Mali extract . — Use clean, new barley malt of known efficacy and grind only as 
needed. Grind well, but not so fine that filtration will be greatly retarded. Prepare 
an infusion of the freshly ground malt just before it is to be used. P'or every 80 cc 
of the malt extract required digest 5 g of the ground malt with 100 cc of H 2 O, at 
room temp., for 2 hours, or for 20 min. if the mixture can be stirred by an electric 
mixer. Filter to obtain a clear extract (it may be necessary to return the first por- 
tions of the filtrate to the filter). Mix the infusion well. 

33 determination 

Extract a quantity of the substance (ground to an impalpable powder and repre- 
senting 4—5 g of the dry material) on a hardened filter with 5 successive portions of 
10 cc of ether; wash with 150 cc of alcohol, 10% by volume, and then with a few 
cc of 95% alcohol. Place the residue in a beaker with 50 cc of K 2 O, immerse the 
beaker in boiling H20, and stir constantly for 15 min., or until all the starch is 
gelatinized; cool to 55°, add 20 cc of the malt extract, and maintain at this temp, 
for an hour. Heat again to boiling for a few min., cool to 55°, add 20 cc of the malt 
extract, and maintain at this temp, for an hour, or until the residue treated wdth I 
soln shows no blue color upon microscopical examination. Cool, make up directly 
to 250 cc, and filter. Place 200 cc of the filtrate in a flask, add 20 cc of H(U (sp. gr. 
1.125), connect with a reflux condenser, and heat in a boiling water bath for 2.5 
hours. Cool, nearly neutralize with 10% NaOH soln, finish the neutralization with 
NaiCOa soln, and dilute to 500 cc. Mix the soln thoroly, pour thru a dry filter, and 
determine the dextrose in an aliquot as directed under XXXIV, 46 or 48. Conduct a 
blank determination upon the same volume of the malt extract as used with the 
sample and correct the weight of dextrose accordingly. Weight of dextrose obtained 
XO. 90 = weight of starch. 
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34 III. In the Presence of Interfering Polysaccharides'^ — Official 

Weigh 2-6 g (charges of 4 g for linseed meal, or 3 g for dried apple pomace, have 
been found to be satisfactory) of the well-mixed sample, prepared to pass freely 
thru a sieve not less than 40 mesh to the inch, using the smaller charges in the case 
of materials containing much gel-forming substance. (The weight of starch in the 
charge must not exceed 1.5 g.) Transfer to a dry 12.5-15 cm close-tcxtured rapid 
filtering paper in a glass funnel and extract with 5 successive portions of ether, tak- 
ing for each portion more than enough to cover the charge and using a cover-glass 
to retard evaporation. After completing the ether extraction, allow the ether to 
evaporate and then extract the charge with 300 cc of dilute alcohol. The concentra- 
tion of the alcohol may be varied somewhat to suit the material under examination. 
For linseed meal use 35% alcohol {by volume) and for dried apple pomace use 25% 
alcohol. Follow this with several filterfuls of 95% alcohol and finish the leaching 
operations with a second ether extraction. Conduct also a control determination, 
preferably in duplicate, using a filter paper extracted with alcohol and the same 
quantity of HjO and malt extract as in the determination. (It is convenient to let 
the charge stand overnight at this point to allow the ether and alcohol to evaporate, 
as alcohol must he eliminated before starting the digestion with malt; or the charge 
may be dried at approximately 75® until the alcohol has been eliminated.) 

Transfer as much of the dry material as possible from the filter paper into a glass 
mortar and pulverize all lumps. Transfer both filter paper and sample to a 500 cc 
volumetric flask, add 20-30 cc of H 2 O, and thoroly wet the material by vigorous 
shaking. 

Should more cold H2O Ijc needed to make the material more fluid, calculate the 
quantity of hot H 2 O to be added accordingly, so that the total volume allowing for 
40 cc of malt soln will not exceed 200 cc. Let stand a few minutes, add 100 cc of 
actively boiling II 2 O, and thoroly gelatinize in a boiling w’ater bath. 

Cool to 50® or lower, add 20 cc of malt extract, 32, to controls as well as to charges, 
and place the flasks in a temp, -controlled water bath. Keeping the mash thoroly 
mixed, gradually raise the temp, to 70® in 20-30 min. Maintain at 70® for 30 inin., 
stirring the mixture from time to time, then increase the temp, to 80°, and keep it 
at that temp, for 10 min. Finally heat to the boiling point. Keep the mixtures well 
stirred. Cool the contents of the flasks and the water bath to 55®. Add 20 cc of the 
malt extract, mix well, and hold at 55® for 1 hour, stirring about once every 10 min. 
.\t the termination of the digestion rapidly increase the temp, to above 80°. 

Measure out 31 G cc of 95% alcohol. Add a portion, a little at a time, to the con- 
tents of the flask, with thoro shaking between additions. After cooling to room 
temp, adjust the volume with ICO so that the quantity of liquid is 500 cc, making 
allowance for the volume occupied by the charge by adding 3 cc of H 2 O for every 4 
g of charge present after bringing the contents to the 500 cc mark. (The determina- 
tion may be interrupted at this stage for several days. The volume should be re- 
adjusted if evaporation has occurred in the meantime.) Mix thoroly, breaking up 
any ropy coagulum as much as possible by pouring back and forth from one large 
beaker to another. Filter thru dry paper. Test the solid residue for starch, either 
microscopically or by the I color test, after elimination of alcohol and gelatinization 
with HjO, (If more than the merest trace of starch is found, reject the entire deter- 
mination.) Evaporate exactly 200 cc of the filtrate on a steam bath to a volume of 
15-20 cc, or until practically all alcohol has been expelled. Do not allow the evapo- 
ration to proceed to dryness. 

Transfer the aqueous residue of starch conversion products to a 200 cc volumetric 
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flask with liot H-jO, using a rubber-tipped rod to recover any dextrin that may be 
present. Allow to cool somewhat, and complete the volume to 200 cc. Transfer the 
contents to a suitable digestion flask, add 20 cc of HCl (sp. gr. 1.125), made by 
diluting 68 cc of strong acid (sp. gr. 1.19, or 37% HCl) to 100 cc, and connect the 
flask with a reflux condenser. Heat in a boiling water bath for 2.5 hours. Cool, and 
for samples of linseed meal or other material yielding solns which at this stage need 
further purification, add not more than 1 cc of a 10% soln of phosphotungstic acid 
in 1% HCl. Mix, and allow to stand at least 15 min. Increase the volume with HzO 
to 250 cc in a volumetric flask, mix well, and filter thru dry paper. Partially neu- 
tralize 200 cc of the filtrate while stirring by adding 10 ec of a strong soln of caustic 
soda (44 g of NaOH per 100 cc of H^O) and nearly complete the neutralization with 
a little powdered anhydrous NajtXlj. Transfer to a 250 cc flask with H 2 O, cool to 
room temp., make up to the mark, and thoroly mix. P'ilter, if necessary, and deter- 
mine the dextrose in a 50 cc aliquot of the filtrate, gravimetrically, as directed under 
XXXIV, 46 or 48. Correct the weight of dextrose obtained by subtracting the weight 
of dextrose found for the same aliquot of the malt control, and multiply the cor- 
rected weight of dextrose by 0.90 to obtain the weight of starch. 

200 200 50 

Aliquots: Charge X — rX— ~X— or Charge X0.064. 

500 250 250 

PENTOSANS''’-' OFFICIAL 

35 REAGEN'TS 

(a) Hydrochloric acid . — Contains 12% by weight II Cl. To 1 volume of HCl add 
2 volumes of H 2 O. Determine the perce[itage of acid by titration against standard 
alkali and adjust to proper strength by dilution or addition of more strong acid, as 
ma^^ be necessary. 

(b) Phloroglucin . — Dissolve a small quantity of phloroglucin in a few drops of 
acetic anhydride, heat almost to boiling, and add a few drops of HjSO*. A violet 
color indicates the presence of diresorcin. A phloroglucin which gives more than a 
faint coloration may be purified by the following method: Heat in a beaker about 
300 cc of the dilute HCl and 11 g of commercial phloroglucin, added in small quan- 
tities at a time, stirring constantly until it is nearly <li.ssolved. Pour the hot soln into 
a sufficient quantity of the same HCl (cold) to make the volume 1500 cc. Allow to 
stand at least overnight, ])referably several day.s, to permit the diresorcin to crys- 
tallize. Filter immediately before using. A yellow tint does not interfere with its 
usefulness. In using, add the volume contaiiting the required quantity of phloro- 
glucin to the distillate. 

36 DETERMINATION 

Place such a quantity of the sami)lc, 2-5 g, that the w eight of ]>hloroglucide ob- 
tained shall not exceed 0.300 g, in a 300 cc distillation flask, together with 100 cc 
of the dilute HCl and several pieces of recently ignited pumice stone. Place the flask 
on a wire gauze, connect with a condenser, and heat, rather gently at first, and then 
regulating so as to di.stil over 30 cc in about 10 min. Pass the distillate thru a small 
filter paper. Replace the 30 cc distilled by a like quantity of the dilute acid, added 
by means of a separatory funnel in such a manner as to wash down the particles 
adhering to the sides of the flask, and continue the process until the distillate 
amounts to 360 cc. To the total distillate add gradually a quantity of phloroglucin 
dissolved in the dilute HCl and thoroly stir the resulting mixture. (The quantity 



CiHAlN AND STOCK FEEDS 


XXVII 


of phloroglucin used should be about double that of the furfural expected. The soln 
turns yellow, then green, and very soon there appears an amorphous greenish pre- 
cipitate that grows darker rapidly, till it becomes almost black.) Make the soln up 
to 400 cc with the dilute HCl and allow to stand overnight. 

Collect the amorphous black precipitate in a weighed Gooch crucible having an 
asbestos mat, wash carefully with 150 cc of H 2 O so that the H 2 O is not entirely re- 
moved from the crucible until the very last, and dry for 4 hoiirs at the temp, of 
boiling H 2 O. Cool, and weigh in a weighing bottle. The increase in weight is taken 
to be furfural phloroglucide. To calculate the furfural, pentoses, or pentosans from 
the phloroglucide, use the following formulas given by Krbber: 

(1) For a weight of phloroglucide, designated by “a’' in the following formulas, 
under 0.03 g: 

Furfural = (a +0.0052) X0.5170. 

Fentoses = (a +0.0052) X 1.0170. 

Pentosans - (a +0.0052) X0.8949. 

In the above and also in the following formulas, the factor 0.0052 represents the 
weight of the phloroglucide that remains dissolved in the 400 cc of acid soln. 

(2) For a weight of phloroglucide “a’’ heiiceen 0.03 and 0.300 g, use Krober's 
table, XLII, 18, or the following formidas:” 

Furfural = (a +0.0052) X0.5185. 

Pcntose.s = (a +0.0052) X 1.0075. 

Pentosans = (n+U.0052) X0.8866. 

(3) For a weight of ])hloroglucide “a” over 0.300 g, use the following formulas: 

Furfural = (a +0.0052) X 0.51 80. 

Pentoses == (a +0.0052) X 1 .0026. 

Pentosans = [a +0.0052) X0.8824. 

37 GALACTAN TENTATIVE 

Extract a convenient (pmntity of the sample, representing 2.5-3 g of the dry ma- 
terial, on a hardened filter with 5 successive portions of 10 cc of ether; place the ex- 
tracted residue in a beaker, about 5,5 era in diameter and 7 cm deep; add 60 cc of 
HNO 3 (s]). gr. 1.15); and evaporate 011 a steam bath to a volume of 20 cc. I..ct stand 
24 hours, then add 10 cc of II 2 O, and allow to stand another 24 hours. Pass thru a 
filter and wash the impure mucic acid crystals with 30 cc of H 2 O to remove as much 
of the HNO 3 as possible, and return filter and contents to the original beaker. Add 
30 cc of (NIIOsCOj soln (consisting of 1 part (N 114 ) 2003 , 19 parts H 2 O, aiid-1 part 
of NH 4 OH) and heat the mixture in a water bath, at 80", for 15 min., with constant 
stirring. The (NH 4 ) 2 C 03 combines with the mucic acid, forming soluble NH 4 mu- 
cate. Wash the filter paper and contents several times with hot HjO by decantation, 
passing the washings thru a filter paper, to which finally transfer the residue, and 
wash thoroly. Eva}>oiate the filtrate to dryness on a water bath, avoiding unneces- 
sary heating wliich causes decomposition; add 5 cc of HNO 3 (sp. gr. 1.15); stir the 
mixture thoroly; and allow to stand for 30 miii. Collect the precipitated mucic acid 
on a weighed Gooch crucible or other filter; wash with 10-15 cc of H 2 O, then with 
60 cc of 95% alcohol, and then a number of times with ether; dry at the temp, of 
boiling H 2 O for 3 hours; and weigh. Multiply the weight of the mucic acid by 1.33 
to convert to galactose, and by 1.20 to convert to galactaii. 
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38 WATER-SOLUBLE ACIDITY> ^-TENTATIVE 

Wei^Ii 10 g of the sample into a shaking boHle, athl 200 cc of HjO, and shake for 
15 min. Filter the extract thni a folded filter and take a 20 ee aliquot (equivalent 
to 1 g of sample). Dilute with 50 cc of HA) and titrate with 0.1 M NaOH soln, using 
phenolphthalein indicator. Report results in terms of cc of 0.1 X NaOH required 
for neutralizing the extract from 1 g of material. 

39 SALT” (QUALITATIVE) OFFICIAL 

Transfer 2 cc of a 5% sola of AgNOs to a small test tube of 1 cm internal diameter. 
Carefully add to this liquid an equal volume of the feed, which previously has been 
ground to pass a mm sieve, so that most of the sam])Ie iloats or remains above the 
liquid. Gradually inclijie the tube so that the liquid is absorbed. While patches of 
AgCl appear wherever the minutest crystal of salt comes in contact with the soln. 
These patches may easily be observed with a lens or even with the naked eye. 

40 RICE HULLS IN RICE BRAN”— TENTATIVE 

Thoroly mix the sample to be examined. Withdraw a smali portion and grind until 
it passes thru a t50-mesh sieve. Weigh 4 mg on a slide ruled in parallel lines 1/20 in. 
apart or transfer to the ruled slide after weighing. Add just sufficient chloral hydrate 
solu (1+1) to fill in under the cover-glass, which, preferably, should be square 
(about 22 mm). After the cover-glass is in place, warm gently, but do not boil, to 
eliminate the starch masses and clear the tissues, t'ount the particles of hull tissue, 
using a microscope having a magnification of about 90 diameters. The high refrac- 
tion and yellowish green color of the hull particles will aid in distinguishing the 
small pieces not easily recognized by tlieir structure, ( In order to avoid duplicate 
counting, it is well to disregard the particles that extend over the ui^pcr line of the 
strip.) Compare the results with those obtained on standards containing known 
quantities of hulls. 

41 OAT HULLS IN OATS AND OAT FEEDS”— TENTATIVE 

(Results are only approximate.) 

Place in a 1000 cc beaker 800 ce of HjO and 2 g of the sample, previou.sly grouml 
to pass thru a sieve having cirfuilar openings 1 mm in diameter. Stir vigorously to 
obtain a centrifugal effect, allow to stand for 5 inijj., and then decant the su])ernatant 
liquid carefully, retaining so far as possible all hull particles. Kefieat this procedure 
several times until the supernatant liquid becomes clear, or nearly so, and then 
transfer the residue with the aid of 150 cc of HjO t(j a 300 cc beaker. Add 5 drops of 
HCl and boil for 2 min., constantly stirring the mixture. Transfer to the original 
beaker with the aid of 500 cc of I+O, stir, and allow to stand until the .supernatant 
liquid Ls clear. Draw off the liquid by means of a .siphon of rubber tubing having a 
3 or 4 mm bore, using a pinch elarnp to control the How so that practically all the 
liquid may be siphoned off. (Tilling the beaker will also help to obtain tliis result.) 
If on standing a deposit form.s, siphon again. Transfer the hulls with the ai<l of HjO 
to a paper filter, wash several times with alcohol, and allow to dry to coti.stant weight 
at room temp. When dry, carefully remove the hulls from the paper, using if neces- 
sary a small stiff^brush, and weigh. (A weighed Gooch crucible may be used instead 
of the paper filter.) Multiply the weight of hulls by 50 to obtain the percentage of 
hulls in the sample. 
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42 GRIT IN POULTRY AND SIMILAR FEEDS^^TENTATIVE 

Place 2 g of the prepared sample, 1 , thoroly mixed, in an evaporating dish of 
about 30 cc capacity. Add about 5 ec of CHCU and mix gently with a glass rod so 
that the liquid comes in contact with all portions of the sample. Brush the particles 
adhering to the rod into the dish, and after pushing all particles down into the 
CHCla with a 25 mm circular or square cover-glass, use the glass to skim off or pull 
the floating portion of the material over the top of the dish, taking care not to sub- 
merge the cover-glass deep enough to disturb the grit settled at the bottom of the 
dish. After skimming until the surface of the CHCU is nearly clear, slowly pour the 
supernatant liquid into a second evaporating dish. Wash the sides of the dish with 
a few cc more of CHCb and repeat the skimming and decanting operation until no 
floating particles remain. (This will require 10-15 cc of CHCI3.) When grit only 
remains, allow the last traces of CHCI3 to evaporate spontaneously, and weigh. 
Weight of residue X50 =percentage of grit. After weighing examine the residue for 
impurities. Also pour out the CHCU washings collected in the second dish and ob- 
serve whether any grit has been transferred to it during the process. 

43 BONE IN MEAT SCRAP OR TANKAGE">~TENTATIVE 

Separate the bone as directed under 42. In some instances it may be found neces- 
sary, after the first washing with CHCb, to rub the remaining residue of bone with 
a glass rod or small pestle in order to bring some of the adhering particles to the 
surface of the CHCl;*. 

44 CALCIUM OXIDE IN MINERAL FEEDS''— TENTATIVE 

Weigh a 2 g portion of the finely ground sample into a silica or porcelain dish and 
ignite in a muffle to a carbon-free ash, but avoid fusing. Boil the residue in 40 cc 
of IICI (1 -|-3) and a few drops of IINO3. Transfer to a 250 cc volumetric fiask, cool, 
dilute to mark, and mix thoroly. Pipet 25 cc of the clear liquid into a beaker, dilute 
to about 100 cc, and add two drops of methyl red indicator. Add NH4OH (l-j-l) 
dropwise to a pH of 5.0, as shown by the intermediate brownish color. If over- 
stepped, add with a dropper HCl (1 -|-3) to a brownish point. Add 2 drops HCl (1+3). 
The color should now be pink {pH 3.0-4. 4) instead of brown. Dilute to about 150 
cc, bring to boiling, and add slowly with constant stirring 20-30 cc of a saturated 
(4.2%) soln of (NH4)2C204, which should also be hot. If the red color changes to 
brown or yellow, add HCl (1+3) dropwise until the color again changes to pink. 
T.et stand overnight to allow precipitate to settle. Filter the supernatant liquid thru 
quantitative filter paper on a Gooch iTiicihle, or on a fritted glass filter (Jena 
1G4 is preferable), and wash the precipitate thoroly with NH4OH (1+50). Place 
the filter paper or crucible with the precipitate in the original beaker, and- add a 
mixture of 125 cc of H'zO and 5 cc of 112804. Heat to TtC or above and titrate with 
0.1 N KMn04 until the first slightly pink color is obtained. Presence of filter paper 
may cause the pink color to fade in a few seconds. Correct for the blank and cal- 
culate the percentage of CaO in t he sample. 

CYANOGENETIC GLUCOSIDES IN FEEDS AND SIMILAR MATERULS'? 

45 Qmlilativc Test 

Prepare sodium picrat e paper by dipping stri|>s into a I % soln of ])icric acid and 
drying, then dipping into a 10% soln of NaiCOa and drying. Preserve these papers 
in a sto])pnred bottle. Finely cliop a small quantity of plant material and place in 
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a test tube. Insert a piece of the moist sodium picrate paper in the tube, taking care 
that it does not come in contact with the material. Add a few drops of CHCla and 
stopper the tube tightly. The sodium picrate paper gradually turns orange, then 
brick red if the plant tissue contains cyanogenetic glucosides. {The test is delicate, 
and the rapidity of the change in color depends upon the amount of free hydro- 
cyanic acid present. This test works well with fresh plant materials, but in the case 
of relatively dry substances, particularly the seeils of various plants, the material 
should be ground and moistened with HjO and allowed to hydrolyze in a stoppered 
test tube containing sodium picrate paper. If necessary, a small amount of emulsin 
may be added.) 

HYDROCYANIC ACID FORMED BY THE HYDROLYSIS OF GLUCOSIDES IN BEANS^s 

46 Acid Tit ration Method — Tentatire 

Grind the sample to pass a 20-mcsh sieve. Introduce 10 20 g of the ground ma- 
terial into an 800 cc Kjeldahl flask, add 100 cc of H2O, and macerate at room temp, 
for 2 hours. Add 100 cc of H^O and distil with steam, collecting the distillate in 20 
cc of 0.02 A AgNOj soln acidified » ith 1 cc of HXO3. Before liistilling, adjust the ap- 
paratus so that the tip of the condenser dips below the .surface of the liquid in the 
receiver, ^yhen 150 cc has passed over, filter the di.stillate thru a Gooch crucible; 
wash the receiver and Gooch with a little H^O; !ind titrate the excess of AgNOj in 
the combined filtrate and washings with 0.02 A’ KCNS soln, using ferric alum in- 
dicator. 1 cc of 0.02 A' AgXOa soln =0.54 mg of IICX. 

47 Alkaline Titration Method — Teutntii'e 

Place 10 -20 g of the sample, ground to pass a 20-mesh sieve, into an 800 cc 
Kjeldahl flask, and add about 200 cc of HA). (The autolysis should be conducted 
with the apparatus completely connected for distillation.) JOistil with steam and 
collect 150-160 cc of distillate in a soln of XaOII fO.5 g in 20 cc of IHO). It is 
preferable to dilute to a volume of 250 cc and titrate a 100 cc aliquot. 

To 100 cc of the distillate add 8 cc of fi X XIHOH and 2 cc of a 5% soln of KI 
and titrate with 0.02 .V AgXOs, u.sing a micro buret. The end point is a faint but 
permanent turbidity, which may be easily recognized, es])ecially against a black 
background. I cc of 0.02 A’' AgNOj = 1.08 mg of HGX. 

48 Prussian Blue Method Tenlatire 

Macerate and distil 10-20 g of the sample as directed under 46, using in the re- 
ceiver a soln containing 0 5 g of XaOH dissolved in 20 cc of H2O, and dilute the di.s- 
tillate to 200 cc in a volumetric fla.«k. Concentrate 20 cc of thi.s soln, which must 
contain a slight excess of X"aOH, in a 200 cc round-bottomed flask attached to a 
vacuum pump and condenser, heating the flask in a water bath below 70'’. (An 
adapter may be used to avoid loss by spattering.) When the volume has been re- 
duced to 1 cc or less, add 0.2-0. 5 cc of freshly prepared 3% Fe804 soln and about 
0.5 g of KF. Exhaust the flask at once by means of a vacuum pump. Mix the con- 
tents by rotating the flask. After 5-10 min. detach the flask and acidify the mixture 
with 30% HNO3. The blue color u.sually appears at once, altho in case traces only 
are present it is sometimes necessary to warm to about SO'* in a water bath, Dilute 
the resulting suspension of Prussian blue to a convenient volume and compare the 
color with a standard Prussian blue mixture, prepared as directed above from the 
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vacuum evaporation of a standard soln containing 1 mg of KCN diluted to 25 cc. 
This soln, containing 1 mg of KCN, =0.415 mg of IICN. 

49 FERROUS SULFATE!*— TENTATIVE 

Sift a portion of the feed thru a fine sieve (40-me8h) over a sheet of white glazed 
paper whose entire surface has been moistened with a soln of potassium ferricyanide 
(1 + 10) in such a manner that the feed will be distributed thinly over the area of the 
paper. After a few moments wash off the feed under a slow stream of HjO. A blue 
speck or spot denotes a particle of ferrous salt. 

50 COPPER SULFATEi*— TENTATIVE 

Proceed as directed under 49, except to use a soln of ferrocyanide (1+10). 
A brown speck or spot denotes a particle of copper salt. 

51 POTASSIUM IODIDE!*— TENTATIVE 

Sift a portion of the feed over a sheet of white glazed paper whose entire surface 
has been moistened with a mixture of starch indicator and Br water (3 parts of the 
former to 1 of the latter) in such a manner that the feed will be distributed thinly 
over the area of the paper. A blue coloration denotes a particle of an iodide. If an 
extremely small quantity of KI is to be detected, modify the above procedure by 
carefully charring 10 g or more of the feed, washing the residue with a small amount 
of H 2 O, and evaporating the filtered soln in a white evaporating dish so that the 
solids are concentrated on one small spot. 

When moistened with the starch indicator and Br water a blue coloration denotes 
the presence of an iodide. 

IODINE IN MINERAL MIXED FEEDS 

Knapheide-Lamh Meiho(P'^ — Tentative 

52 REAGENTS 

(a) Reduced phosphoric acid. — 20%. Reduce impurities in the H 3 PO 4 according 
to Kendall’s method” by diluting the 85% acid with 4 volumes of H 2 O and boiling 
for some time with A1 strips. 

(b) Sodium ihiosnljaie soln. — 0.005 A’. Preferably standardize by pipetting into 
a beaker 25 cc of a soln containing 0.1308 g of KI per liter and adding 200 cc of 
I+O, 5 cc of 20% NaHSOs soln, and 2 or 3 g of NaOII. Neutralize the mixture with 
sirupy H 3 P 04 , adding 1.0 cc in excess and proceeding as directed in the regular de- 
termination. To calculate the mg of I to which 1 cc of the Na 2 S 203 soln is equivalent, 

use the following formula: ^ . (It is well to standardize the Na2S20 

cc of NajhiOs soln 

soln the day the determination is made.) 

53 APPAR.\TUS^^ 

Furnace. — Use a sheet-iron cylinder 4 in. in dia. and 12 in. high, and have an open- 
ing in the center of the top large enough to accommodate a 100 cc nickel crucible. 
Suspend a 2| in. circular plate in the center of the cylinder 3 in. below the top, for 
spreading the flame, thereby preventing the free flame from coming in contact with 
the crucible, and providing uniform heat. Make a slot at the bottom of the cylinder 
1 in. wide by 3 in. high for admitting air and the burner tubing, and near the top 
rim make eight \ in. holes to allow for the escape of the exhaust gases. 
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54 DETEBMINATION 

Fuse together in a 100 cc nickel crucible 20 g of NaOH and 10 g of KNO3 and 
cool. Place evenly on top of the fused alkali a 1 to 10 g sample (depending upon its 
composition and the trouble experienced from frothing in the fusion) of the mineral 
mixture and completely moisten with 5 cc of saturated NaOIl soln and 10 cc of 
80% alcohol. Place the crucible on a cold three-heat hot plate and evaporate the 
alcohol by the low heat. After 30 min. cautiously increase the heat until the crucible 
has been subjected to the highest temp, of the hot plate for 1^-2 hours. (Thoro 
heating at this time prevents most of the trouble from effervescence of the material 
during the fusion.) Then place the crucible in the furnace described above or in a 
similar furnace. 

To prevent loss give close attention during the fusion to mineral mixtures con- 
taining charcoal or organic matter because of the violent reaction between the Cand 
the KNOj. If the reaction becomes too violent, lift the crucible from the furnace for 
a moment, and if necessary cool the bottom of the crucible in a beaker of H2O. 
When the mixture is in a quiet state of fusion tip the crucible on all sides in an open 
flame to wash down the fusion mixture. Add a few small crystals of KNOj until no 
more gas is liberated by further additions, and again wash dowm the sides of the 
crucible in the flame. 

Pour the melt out into the clean crucible cover to cool, or turn the crucible while 
cooling so that the material solidifies on the sides. Place the cooled melt and the 
crucible in a 600 cc beaker, cover with HjO, and heat below the boiling point for a 
short time. After allowing the mixture to stand overnight at room temp., rinse off 
the crucible and cover and remove. In order to neutralize part of the alkali and 
facilitate filtering, add 10 cc of sirupy HjPO* and place the beaker on a steam bath 
for 3-4 hours, stirring occasionally to break up the mass and insure complete solu- 
tion of the I. Cool the beaker, filter off the insoluble re.sidiie into a 10 cm funnel 
and wash with cold II3O into an 800 cc beaker, adjusting the volume to 550 600 cc. 
(The soln should be clear and colorless.) 

In order to destroy nitrites, which interfere with the titration with methyl orange, 
add 10 cc of 20% XaHSOa, bring the soln just to the boiling point, and cool. Run 
approximately 30 cc of 85% H3PO1 in from a buret, add a few drops of methyl 
orange soln, continue the addition of HjPO^ to the neutral color of the methyl 
orange, and finally add 1.5 cc of HjPO^ in excess. (The total quantity of HjPOi re- 
quired is generally not over 35 cc, except when the [jresence j)f considerable (' in the 
sample has necessitated the use of more KXO3, w^hich is thus mainly reduced to 
carbonate.) Use care not to run appreciably over the end-point, as excess acid gives 
low results. However, the addition of the acid must be fairly rapid, as the color of 
the methyl orange has a tendency to fade, due to incomplete destr\iction of the 
nitrites. 

After neutralization, add a small lump of anthracite coal (0.5 cm in diameter) 
and boil the soln for at lea.st 20 min., the volume being reduced to about 400 500 cc. 
(Boiling is essential to remove all traces of sulfurous acid.) Again cool the soln and 
add Br water until a distinct and permanent yellow' color is produced. Boil the 
soln until colorIes.s by reflected light and then for exactly 5 min. longer, Add a 
few crystals of salicylic acid to a.ssure the removal of the last traces of Br, cool the 
soln, and add 5 cc of 20% reduced HsPO* and 0.5 1.0 g of C.P, KI, Titrate the soln 
in the usual manner with 0.005 ,V NajiSjOj, adding starch soln when the brown color 
of the liberated I is nearly gone. (The volume of the soln at the final titration 
should be 400 to 500 cc.) 
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VITAMIN D ASSAY BY PREVENTIVE BIOLOGICAL TEST^s 

(Applicable to fish and fish liver oils and their extracts, and to materials used for 
supplementing the vitamin D content of feeds. Not applicable to irradiated ergos- 
terol products or to irradiated yeast unless recommended for poultry.) 

55 HASAIi RACHITIC RATION 

Ground yellow corn 

Pure wheat flour middlings 

Crude domestic acid-precipitated casein 

Calcium carbonate (precipitated) 

Calcium phosphate (precipitated) 

Iodized salt (.02% KI) 

Non-irradiated yeast (7% minimum X) . . 

56 PROCEDURE 

Place groups of 10 or more 1-day-old white leghorn chickens in screen-bottomed 
biological cages or a battery brooder out of direct sunlight (Red electric light bulbs 
are satisfactory as a source of heat for the cages.) Reserve one group for negative 
control purposes, and one or more additional groups for each material to be assayed. 
Keep distilled HjO before the chicks at all times. 

Prepare sufficient basal rachitic ration for the entire feeding period (80 lbs. per 
100 birds is ample). Prepare the supplemented rations at 8-12 day periods. Supple- 
ment the basal rachitii; ration with corn oil in a quantity equal to the maximum 
addition of the oil to be assayed. (This is the ration to be fed to the negative control 
group.) Supplement the basal ration with different levels of the material to be as- 
sayed. Add corn oil to bring the percentage of oil up to that added to the negative 
control ration. (These are the rations to be fed to the other groups.) 

On the second day give the groups two 15 min. feedings of their respective rations. 
Beginning the third day feed the rations ad libitum for 28 days. 

Kill the birds, remove the left tibia of each bird, and clean of adhering tissue. 
(To facilitate removal of adhering tissue the bones may be placed in boiling HjO 
for not more than 2 min.) Number the bones and place in 95% ethyl alcohol. Crush, 
wrap individually in filter paper, and extract the bones for 20 hours with hot 95% 
ethyl alcohol, followed by 20 hours with ethyl ether. (Other solvents may be used 
for this fat extraction.) Dry in a moisture oven, and store in a desiccator. Deter- 
mine the percentage of ash of the moisture and fat-free bones by igniting in a muffle 
furnace at approximately 850° for 1 hour. Compile group ash averages. 
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XXVm. MEAT AND MEAT PRODUCTS 

MEAT 

1 PREPARATION OF SAMPLE— OFFICIAL 

To prevent loss of II 2 O during preparation and subsequent handling do not use 
small samples. Keep the ground material in glass or similar containers provided 
with air- and water-tight covers. Prepare samples for analysis in the following 
manner: 

(a) Fresh meats, dried meats, cured meats, smoked meats, etc. — Separate as com- 
pletely as possible from any bone; pass rapidly thru a food chopper 3 times, thoroly 
mixing after each grinding; and begin all determinations as soon as practicable. If 
any delay occurs, chill the sample to inhibit decomposition. 

(b) Canned meats —Fass the entire contents of a can thru a food chopper, as 
directed under (a). 

(c) Sausages . — Remove from casings and pass thru a food chopper, as directed 
under (a). 

Dry the portions of the samples under (a), (b), and (c) not needed for immediate 
analysis, either in vacuo below 60° or by evaporating on a steam bath 2 or 3 times 
with alcohol. Extract the fat from the dried product with gasoline (b.p. below 60°) 
and allow the gasoline to evaporate spontaneously, finally expelling the last traces 
by heating for a short time on a steam bath. Do not heat the sample or the separated 
fat longer than necessary because of tendency to decompose. Reserve the fat for 
examination as directed under XXXI, keeping it in a cool place,, and complete the 
examination before it becomes rancid. 

2 MOISTURE— OFFICIAL 

Proceed as directed under XXVII, 2 or 6, following 6 when the dried sample is 
to be used for further determinations. 

3 ADDED WATER IN SAUSAGE AND SIMILAR MEAT PRO DUCTSi— TENTATIVE 

(a) A/oz>/urc.— Weigh accurately about 10 g of the ground sample into a tared 
weighing bottle, approximately 2 in. in diameter, containing a short glass rod 
flattened at one end. Remove 2.5 3 g for the protein determination. Reweigh the 
remainder in the bottle, spreading it out in a thin layer over the sides and bottom 
l)y means of the glass rod, and use this sample for the determination of moisture. 
Dry in air at atmospheric pressure at a temp, of 101-102° for approximately 16-18 
hours, or at a temp, of approximately 125° (not lower than 120° nor higher than 
130°) for approximately 2-3 hours, or until no significant loss of weight occurs on 
subsequent drying for a period of 1-2 hours. If preferred, determine moisture as 
directed under 2. 

(b) A- Rroffcn.— Determine total N as directed under 11, 19, 23, or 25. Protein = 
total N X6.25. 

(c) Added water . — Multiply the jiercentage of protein calculated from the N de- 
termination by 4 and subtract the result from the percentage of moisture found. 
Report the difference, if any, as added H 2 O. 

4 ASH— OFFICIAL 

Proceed as directed under XXVII, 8. 
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5 SALT* 

Moisten 25''3 g of the finely comminuted and thoroly mixed sample in a platinum 
<lish with 20 cc of 5% sodium carbonate soln, evaporate to dryness, and ignite at a 
temp, not exceeding dull redness. Extract with hot II aO, filter, and wash. Return 
the residue to the platinum dish and ignite to an ash. Dissolve the ash in HNOa 
{l-|-4), filter to free from any insoluble residue, wash thoroly, and add the wash 
soln to the HjO extract. Determine Cl in the combined filtrate and washings as 
directed in XII, 37. 

6 CRUDE FAT OR ETHER EXTRACT-OFFICIAL 

Proceed as directed under XXVII, 22. 

7 TOTAL PHOSPHORUS— OFFICIAL 

Destroy the organic matter as directed under 11, 8(c) or (d), and proceed as 
directed under II, 9 or 12. 

8 TOTAL NITROGEN OFFICIAL 

Proceed as directed under II, 21, 23, or 25, using about 2 g of the fresh sample. 
AMMONIA 

Aeration Method^ — Tentative 

9 APPARATUS 

Use the apparatus illustrated in Fig. 30. A is a wash bottle * full of HjSOi (1 +9); 
B is a tube containing the sample; C is a rubber disk; and D is a 5 cc bulb to prevent 
spray from being carried over into the tube w^hich contains the standard acid; 
F is a safety bottle. 



10 DETERMINATION 

Introduce 2-4 g of the finely divided meat into tube B and add 20 cc of N IE-free 
HjO. Place a measured quantity of 0.04 N or 0.02 N HjSO^ or HCl in tube E. Add 
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1 cc of saturated K oxalate soln to the sample in tube B, introduce a few drops of 
kerosene, and finally add just sufficient saturated Na or K carbonate soln to render 
the mixture alkaline. Place the tubes in position at once, pass air thru the apparatus, 
and titrate the standard acid in tube E at hourly intervals until NHa ceases to be 
given off, using methyl red, cochineal, or Congo red indicator. (If preferred, the NHj 
collected in tube E may be determined by nesslerizing as directed under XXXVII, 
11 .) 


NITRATES (INCLUDING ALSO NITRITES) 

Ferrous Chloride Method^ — Tentative 

11 REAGENTS 

(a) F errous chloride soln, — ^Dissolve 400 g of nails, tacks, or other small pieces of 
iron in a 2 liter Florence flask with 1 liter of HCl, excluding the air from the flask 
by means of a stopper equipped with a Bunsen valve. When the evolution of gas 
ceases, transfer, and keep the soln in completely filled 50 cc glass-stoppered bottles. 
Use only freshly opened bottles of the reagent for the determination. 

(b) Standard sodium nitrate soln. — Dissolve 2 g of NaNOs in 1 liter of recently 
boiled H 2 O. Determine NO in 50 cc of this soln (equivalent to 0.1 g of NaNOs) as 
directed under 13. 

12 APPARATUS 

Clamp a 500 cc Kjeldahl flask fitted with a 2-holcd stopper to an iron stand. Thru 
one of the holes pass the stem of a 100-125 cc cylindrical separatory funnel having 
a glass stopcock, and into the other fit a delivery tube leading downward at an angle 
from the flask into a trough containing a soln of commercial NaOH (1-fl). Ter- 
minate the upper end of the delivery tube just below the stopper in the flask and 
place the lower end, which is slightly constricted, bent upward, and covered with 
rubber tubing to prevent fracture, under the surface of the NaOH soln in the trough, 
the exit being just beIo\v the mouth of an inverted measuring tube (50 cc plain 
eudiometer tube) filled with the soln of NaOH. A single coil of tin tubing fitted into 
the trough and carrying a current of cold H^O greatly facilitates the determination. 

13 DETERMINATION 

Extract 100 g of the sample by boiling 6 7 times with successive 35-50 cc por- 
tions of H 2 O, decant the extracts lliru a muslin or paper filter into a casserole, and 
evaporate the combined extracts to a volume of about 50 cc. Introduce 60 cc of the 
FeCU soln and 50 cc of HCl (l-}-2.5} into the Kjeldahl flask, close the stopcock of 
the funnel, move the end of the delivery tube so that the escaping air will not pass 
into the measuring tube, and boil the contents of the flask until the air is completely 
expelled. Place the exit end of the delivery tube beneath the measuring tube and 
boil the contents of the flask 1 min. longer to make certain that no air remains. 
Introduce the concentrated extract of the sample into the flask, a little at a time 
thru the funnel, continuously boiling the contents of the flask to force the NO gas 
into the measuring tube. Finally rinse the casserole and the funnel 3 or 4 times with 
5 -10 cc of recently boiled H 2 O, adding the rinsings to the contents of the evolution 
flask in the manner described above. When the evolution of gas ceases, cover the 
opening of the measuring tube with a porcelain crucible, using tongs, and carefully 
transfer the tube to a tall glass jar containing a soln of NaOH (1+1), kept at room 
temp. The temp, of the surrounding caustic soln will soon (10 15 min.) be imparted 
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to the contents of the tube, and the volume of NO is read with the tube in such a 
position that the level of the solns within the tube coincides with the level outside. 
Calculate the percentage of nitrates and nitrites as NaNOa from the volume of NO 
obtained from the sample compared with the volume obtained from 0.1 g of NaNOs, 
both measured \mder identical conditions. 

After the measuring tube has been removed, quickly insert another filled with a 
strong soln of commercial NaOlI (l + l) over the delivery tube and boil 1 min. 
longer to make sure that all the NO has been expelled. Run another 50 cc portion 
of the standard snlii into the apparatus and repeat the determination. Then run the 
samples in the same manner, in each case making certain that all the NO gas has 
been expelled. After 6 to 8 determinations have been made, excluding the 2 stand- 
ards, finally run another standard. The 3 standards should check within 0.5 cc on 
about 30-35 cc; 0.1 g of NaNOj should give 26.30 cc of NO at 0“ and 760 mm pres- 
sure, Report results as percentage of NaNOs. 

Pkenoldisulforiic Add Method^ — Tentative 

14 REAGENTS 

(a) Fhenoldisulfonic acid soln. — Heat 6 g of phenol with 37 cc of H2SO4 on a steam 
bath, cool, and add 3 cc of H2O. 

(b) Standard comparison soln, — Dissolve 1 g of pure, dry NaNOj in II2O and di- 
lute to 1 liter. Evaporate 10 cc of this soln to dryness on a steam bath, add 2 cc of 
the pheiioldisulfonic acid soln, mix (piickly and thornly by means of a glass rod, 
heat for about a minute on a steam bath, and dilute to 100 cc. 1 cc of the diluted 
soln = 0.1 mg of NaNOj. Prepare a scries of standard comparison tubes by intro- 
ducing quantities ranging from 1 to 20 cc of the diluted soln (0. 1-2.0 mg of NaNOs) 
into 50 cc Nessler tubes, adding 5 cc of NH40H to each and diluting to 50 cc. The 
standard tubes thus prepared are permanent for several weeks if kept tightly 
stoppered. 

15 DETERMINATION 

Weigh 1 g of the sample into a 100 cc flask, add 20-30 cc of H2O, and heat on a 
steam bath for 15 min., shaking occasionally. Add 3 cc of a saturated nitrate-free 
(Ag)2S04 soln for each per cent of NaCl present, then 10 cc of basic Pb acetate soln 
and 5 cc of alumina cream, shaking after each addition. Make up to the mark with 
H2O, shake, and filter thru a folded filter, returning the filtrate to the filter until it 
runs thru clear. Evaporate 25 cc of the filtrate to dryness, add 1 cc.of the phenoldi- 
sulfonic acid soln, mix quickly and thoroly by means of a glass rod> add 1 cc of HjO 
and 3 or 4 drops of H2SO4, and heat on a steam bath for 2 3 min., being careful not 
to char the material. Then add about 25 cc of H2O and an excess of NHiOH, trans- 
fer to a 100 cc volumetric Hask, add 1-2 cc of alumina cream if not perfectly clear, 
dilute to volume with H2O, and filter. Fill a 50 cc Nessler tube to the mark with the 
filtrate and determine the quantity of NaNOj present in Ihe sample l)y comparison 
with the standard comparison tubes. If the soln is too dark for comparison with 
the standards, dilute with H2O, and correct the result acccudingly. Report as per- 
centage of NaNOj. 

16 NITRITES^ -TENTATIVE 

fApplicahle to cured meats.) 

Weigh 5 g of the finely comminuted and thoroly mixed sample into a 50 cc beaker. 
Add approximately 40 cc of nitrite-free H2O heated to a temp, of 80®. Mix thoroly 
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by stirring with a glass rod, taking care to break up all lumps, and transfer to a 500 
cc graduated flask. Wash out the beaker and Yod thoroly with successive portions 
of the hot II 2 O, adding all washings to the flask. Add sufTicient hot H^O to bring the 
contents of the flask to a volume of approximately 300 cc, transfer the flask to the 
steam bath, and let stand for 2 hours, shaking occasionally. Add 5 cc of saturated 
HgClj soln and mix. Cool to room temp., make up to the mark with nitrite-free 
1120, and mix again. Filter, and determine nitrite N in a suitable aliquot as directed 
under XXXVII, 15, reporting results as part of NaNOj per million. 

STARCH 

(In chopped meat, sausage, deviled meat, etc.) 

17 Qualitative Test — Tentative 

Treat 5 6 g of the sample with boiling H 2 O for 2-3 min., cool the mixture, and 
test the supernatant liquid with I soln, XXXIII, 28(f). (In interpreting this test it 
should be remembered that a small quantity of starch may be present as the result 
of the use of spices. If a marked reaction is given, however, it maybe concluded that 
starch or flour has been added, and a quantitative determination should be made. 
The qualitative test may be replaced by a microscopic examination, which discloses 
not only the presence of added starch but also the variety used.) 

18 Quantitative Method'^ — Tentative 

Treat in a 200 cc beaker 10 g of the finely divided sample with 75 cc of an 8% 
soln of KOH in 95% alcohol and heat on a steam bath until all the meat is dissolved 
(30-45 min.). Add an equal volume of 95% alcohol, cool, and allow- to stand for at 
least an hour. Filter by suction thru a thin layer of asbestos in a Gooch crucible. 
Wash twnce with a warm 4% soln of KOH in alcohol, 50% by volume, and then 
twice with warm 50% alcohol. Discard the w ashings. Retain as much of the precipi- 
tate in the beaker as possible until the last washing. Place the crucible with contents 
ill the original beaker and add 40 cc of H 2 O and 25 cc of H 2 S 04 . Stir during the ad- 
dition of the acid and make sure that the acid comes in contact wdth all the pre- 
cipitate. Allow to stand about 5 min., add 40 cc of H 2 O, and heat just to boiling, 
stirring constantly. Transfer the soln to a 250 cc volumetric flask, add 2 cc of 20% 
phosphotungstic acid soln, allows to cool to room temp., and make up to the mark 
with II 2 O.' Filter thru a starch-free filter paper, pipcl 100 cc of the filtrate into a 
200 cc volumetric flask, neutralize with 10% NaOH soln, make up to volume, and 
determine the dextrose present in a 50 cc portion of the filtrate as directed under 
XXXIV, 37, titrating the CujO precipitate as directed under XXXIV, 40. Weight 
of dextrose XO. 9 = weight of starch. 


GLYCOGEN 

19 Qualitative Test’^ — Tentative 

Boil 50 g of the macerated sample with 50 cc of H 2 O for 15-30 min. Filter the 
broth thru moistened filter paper or fine linen. To a portion of the filtrate in a test 
tube add a few drops of a mixture of 2 parts of I, 4 parts of KI, and 100 parts of 
II 2 O. If a considerable quantity of glycogen is present, it produces a dark brown 
color; this color is destroyed by heating, but it reappears on cooling. If starch is 
present, it may be precipitated by treating the water extract with two volumes of 
glacial acetic aind and after filtering applying the test for glycogen, to the filtrate. 


357 



XXVIII 


METHODS OF ANALYSIS 


Quantitative Metkod^^ — Tentative 

20 rREPAUATION OF SOLUTION 

Weigh by difference about 25 g of the finely ground and thoroly mixed sample. 
Place in a 400 cc beaker and mix with 50 cc of KOH soln (1.5 + 1), free from car- 
bonate. Cover the beaker with a watch-glass and digest on a steam bath for 2 hours, 
stirring occasionally. At the end of the 2 hours, dilute to approximately 200 cc with 
cold H,0. 

21 DETERMINATION 

Add to the soln, 20, an equal volume of 95% alcohol, cover with a watch-glass, 
and set aside for 10-12 hours. Decant the supernatant liquid thru a folded 18.5 cm 
filter, allowing the glycogen to remain in the beaker, and wash by decantation wuth 
66% alcohol (2 volumes of 95% alcohol + 1 of H 2 O) until the glycogen is white, or 
nearly so. (Usually about 4 washings are required.) Transfer the washed precipitate 
from the beaker to the filter and wash 2 or 3 times with the 66% alcohol. (The soln 
filters slowly, and the funnel should be covered with a watch-glass to prevent ex- 
cessive evaporation. The albuminous substance present retards the filtration if it 
is permitted to dry on the paper. If the washing by decantation is not made as com- 
plete as possible, it will be difficult to obtain the glycogen free from the coloring 
matter.) 

After the washing is completed, close the bottom of the funnel by a piece of rubber 
tubing and a pinch-cock. Fill the funnel with warm H 2 O, cover with the watch-glass, 
and let stand 2-3 hours, or overnight. Open the pinch-cock and allow all the soln 
to pass thru the filter into a beaker. Close the funnel with the pinch-cock and fill 
with warm HjO as before. Allow this HjO to remain in tlie funnel for 1 hour and then 
filter as before. At first the glycogen soln appears quite turbid. Continue washing 
with warm H 2 O until the filtrate becomes perfectly clear. To the soln of glycogen in 
HjO, add double its volume of 95% alcohol and let stand overnight to complete the 
reprecipitation of the glycogen. Filter, and wash as lief ore with 66% alcohol. 

If desired, the last filtration may be made thru a weighed Gooch crucible and the 
weight of glycogen may be determined after drying to constant weiglit. This gives 
results that are approximately correct. More satisfactory results are obtained by 
hydrolyzing the glycogen with IICl (1+3) and determining the resultant dextrose. 
Dissolve the glycogen on the filter in warm H^O as directed above, collecting the 
filtrate and washings in a 300 cc volumetric flask and keeping the volume within 
225 cc. Add 12.5 cc of HCl to the combined filtrate and washings, mix, and place in 
a boiling water bath for 3 hours. Cool, neutralize with 10% NaOH soln, cool again, 
make up to volume with ICO, and determine dextrose in an aliquot of the soln as 
directed under XXXIV, 37, determining the reduced Cu as directed under XXXIV, 
40. The corresponding weight of dextrose XO. 9 =its eipiivalent of glycogen. Correct 
this result for dilution to obtain the percentage of glycogen in the sample. 

22 SUGAR— TENTATIVE 

Weigh 100 g of the finely ground samjile into a 600 cc beaker, add 200 cc of HjO, 
heat to boiling, and boil gently for 5 min. Stir the contents of the beaker frequently 
during this and 8ub.sequent extractions to prevent bumping. (When several samples 
are extracted at the same time a mechanical stirring device is practically a neces- 
sity.) Remove the beaker from the flame, allow the insoluble matter to settle, and 
decant the clear liquid on an asbestos mat in a 4-ineh funnel. Filter with the aid of 
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suction. Add 150 cc of hot HjO to the residue in the beaker, boil gently for 5 min., 
let settle, and decant the clear liquid as directed previously. Repeat the operation, 
finally transfer the contents of the beaker to the funnel, wash with 150-200 cc of 
hot H 2 O, and press the meat residue as dry as possible. Transfer the contents of the 
filter flask to an evaporating dish and evaporate on a steam bath to a volume of 
about 25 cc but not to dryness. Transfer the extract to a 100 cc volumetric flask, 
taking care that the volume of liquid does not exceed 60 cc. Add 25-35 cc of phos- 
photungstic acid soln (1 + 1), shake vigorously, let stand a few min. for gas bubbles 
to rise to the surface, make to volume, shake, and either filter or centrifuge. (The 
use of a centrifuge is to be preferred, because a larger volume of liquid is obtained.) 
Test a portion of the filtrate with dry phosphotungstic acid for complete precipita- 
tion. If an appreciable precipitate forms, take an aliquot of the filtrate, add 5-10 cc 
of the phosphotungstic acid soln, make to volume, filter, and test the filtrate for 
complete precipitation. The filtrate should also show not more than a slight reaction 
for creatinin when tested by adding to 5 cc a few drops of a saturated aqueous soln 
of picric acid and making the mixture alkaline with a few drops of 10% NaOH soln.” 

Transfer 50 cc of the clarified extract to a 100 cc volumetric flask, add 5 cc of 
IlCi, and invert the soln as directed under XXVII, 31. Cool the soln, neutralize to 
litmus, cool, make to volume, and filter. To the filtrate add sufficient dry powdered 
KCl to precipitate the excess of phosphotungstic acid, filter, test the filtrate for 
complete precipitation, and determine the reducing sugar as directed under XXXIV, 
33 or 37, ascertaining the quantity of reduced Cu as directed under XXXIV, 41. Cal- 
culate the total sugar as dextrose. 

If an abnormal reduction is obtained when the clarified meat extract is boiled 
with Fehling’s soln, i.e., if the soln turns yellow, brown, green, or muddy in appear- 
ance instead of reddish-blue, discard the determination, since incomplete precipi- 
tation of the nitrogenous compounds, due to the use of insufficient phosphotungstic 
acid, is indicated. 

23 PRESERVATIVES— OFFICIAL 
Proceed as directed under XXXII. 

24 METALS— TENTATIVE 
Proceed as directed under XXIX. 

25 COLORING MATTERS— TENTATIVE 
Proceed as directed under XXI. 

SOLUBLE AND INSOLUBLE NITROGEN— TENTATIVE 

26 PREPAR.\TION OF SOLUTION 

Exhaust 7-25 g of the sample (depending upon the H 2 O content) in the following 
manner: Weigh into a 150 cc beaker, add 5-10 cc of cold (15°) NHj-free H 2 O, and 
stir to a homogeneous paste. Add 50 cc of cold II 2 O, stir for 15 min. at 3 min. inter- 
vals, let stand for 2-3 min., and decant the liquid thru a quantitative filter, collect- 
ing the filtrate in a 500 cc volumetric flask. Drain the beaker, pressing out the liquid 
from the meat residue by the aid of a glass rod. Add to the residue in the beaker 
50 cc of cold H 2 O, stir for 5 min., allow to stand 2 3 min., and decant as before. If 
a considerable portion of the meat is transferred to the filter, return it to the beaker 
by means of a glass rod. Repeat the extractions, using two 50 cc portions and four 
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25 cc portions of cold H2O. After the last extraction transfer the entire insoluble 
portion to the filter and wash with three 10 cc portions of H2O, allowing the material 
to drain thoroly after each addition of H2O. Dilute to the mark and mix thoroly. 

27 DETERMINATION 

Determine the total N in a 50 cc aliquot of the soln obtained under 26, proceeding 
as directed under II, 21, 23, or 25. Total N— soluble N -insoluble N. 

28 COAGULABLE NITROGEN— TENTATIVE 

(For uncooked meat only.) 

Measure 150 cc of the extract from 26 into a 250 cc beaker and evaporate to 40 
cc on a steam bath, stirring occasionally. Neutralize to phenolphthalein, add 1 cc of 
0.1 iV acetic acid, and boil gently for 5 min. (The coagulum should separate at once, 
leaving a clear liquid.) FiUer thru a quantitative paper and wash the beaker thoroly 
4 times with hot H2O, taking sj^ecial care to clean tlie sides. Finally wash the coagu- 
lum on the filter 3 times; dilute the combined filtrate and washings to a definite vol- 
ume; and reserve for the determination of proteose, peptone, and gelatin, 29, and 
creatin, 31. Transfer the coagulum with the paper to a Kjeldahl flask and remove, 
with 112804, any of the material adhering to the beaker, taking the usual 25 cc of 
acid in 5 cc portions for this purpose, heating the acid in the beaker on a hot plate, 
and rubbing with a glass rod. Proceed as directed under 8. 

PROTEOSE, PEPTONE, AND GELATIN NITROGEN 

29 Modified Tannin-Salt — Tentative 

Transfer a 50 cc aliquot of the filtrate obtained under 28 to a 100 ec volumetric 
flask, add 15 g of NaCl and 10 cc of cold shake until the NaCl has dissolved, 
-and cool to 12°. Add 30 cc of 24% tannin soln cooled to 12°, dilute to the mark with 
H2O previously cooled to 12°, shake, and allow the mixture to stand at a temp, of 
12° for 12 hours, or overnight. Filter at 12°, transfer 50 cc of the filtrate to a Kjel- 
dahl flask, and add a few drops of HzSOi. Place the flask in a steam bath, connect 
with a vacuum pump, and evaporate to dryness. Determine N in the residue as di- 
rected under II, 21, using 30 cc of H2SO4 for the digestion. Conduct a blank deter- 
mination, using the same quantity of reagents, and correct the result accordingly. 
Multiply the corrected result by 2 and deduct the quantity of N found from the N 
determined in another 50 cc aliquot of the filtrate from the coagulable N, 28, with- 
out the tannin-salt treatment; the diflerence X6.25 = the percentage of proteose, 
peptone, and gelatin. 

30 MEAT BASES-TENTATIVE 

Deduct from the percentage of total X, 7, the sum of the percentages of N ob- 
tained in the determination of insoluble N, 27, coagulable N, 28, and proteose, 
peptone, and gelatin, 29, to obtain the percentage of N of the meat bases, Multiply 
the result by 3.12 to obtain the percentage of meat bases. 

31 CREATIN— OFFICIAL 

Evaporate an aliquot or the remaining portion of the filtrate and washings from 
the coagulable N, 28 (a portion having been used in 29) to 5-10 cc; transfer with a 
minimum quantity of hot H20 to a 50 cc volumetric flask, keeping the volume below 
30 cc; add 10 cc of 2 iV HCl; and mix. Hydrolyze in an autoclave at 117-120° for 


360 



MEAT AND MEAT PRODUCTS 


XXVIII 


20 min., allow the flask to cool somewhat, remove, and chill under running H 2 O. 
Partially neutralize the excess of acid by adding 7.5 cc of 10% NaOH soln, free 
from carbonates, dilute to the mark, and mix. Rfeke a preliminary reading on 20 cc 
with a Duboscq colorimeter to ascertain the volume to use to obtain a reading of 
approximately 8 mm. Transfer such a volume of the soln to a 500 cc volumetric 
flask and add 10 cc of 10% NaOH soln and 30 cc of saturated picric acid soln U*2%). 
Mix, rotate for 30 seconds, and let stand exactly 4.5 min. Dilute to the mark at once 
with H 2 O; shake thoroly; and read in a Duboscq colorimeter set at 8 mm, compar- 
ing the color with 0.5 N KjCrgOi soln. 

If the reading is too high or too low (above 9.5 or below 7 mm), calculate the 
quantity necessary to obtain a reading of about 8 mm. The strength of the dichro- 
mate soln used must be checked against a standard creatin soln. Divide 81 by the 
reading and multiply by the volume factor to obtain the mg of creatinin; this value, 
multiplied by 1.16, gives creatin, which divided by the w^eight of the sample and 
multiplied by 100 gives the percentage of creatin. 

The use of Kober’s shade and the painting of the plunger, suggested for this 
nephelometer, assists in getting a sharper end point, relieves the eye strain, and may 
be used if desired. 

Example. — Twenty g of meat is extracted with H 2 O as directed under 26 , and 
the extract is diluted to 500 cc; 150 cc of this latter soln (equivalent to 6 g of meat) 
is treated as <lirected under 28 . The filtrate thus obtained is then evaporated and 
hydrolyzed as above and diluted to 50 cc; 25 cc of this last soln is treated with 
NaOH soln and picric acid soln as directed above and diluted to 500 cc. This latter 
soln gives a Duboscq reading of 9 mm, 

81 50 ^ 0.018X1.16X100 

X =ing of creatiiiiu: =0 .35% creatin. 

9 2o 6 

AMINO NITROGEN 

Van Sbjke Method^^ — Te.ntntive 

32 APPARATUS 

Use the apparatus shown in Figs. 31 and 32, the former illustrating the manner 
in which the entire apparatus is arranged and the latter showing the details of the 
deaminizing bnlb and connections. The Hempel gas pipet is filled with a soln con- 
taining 50 g of KMn 04 and 25 g of KOH per liter. 

33 DETERMINATION 

Fill with H 2 O the buret (F), the capillary tube leading to the Hempel pipet, and 
also the other capillary as far as c. Introduce into A sufficient glacial acetic acid to 
fill i of D, etching the tnbe A with a mark to measure this quantity. Allow the acid 
to run into D, and turn cock c so as to allow the air to escape from D. Pour NaNOj 
soln (300 g per liter) into A until I) is filled and enough excess is present to rise a 
little above the cock into A. A is also marked for measuring off this quantity. Then 
close the gas exit from D at c, and, a being open, shake D for a few seconds until the 
liquid is forced down to the 20 cc mark in D. Then close a, open c, and shake the 
apparatus rapidly wit h the motor for 2 min., these operations being for the purpose 
of expelling all the air from D. Then turn c and / so that D and F are connected. 

Measure off in B 10 cc or less, as the case may be, of the soln of the sample con- 
taining not more than 20 mg of amino N (about 1-2 g of the sample in the case of 
meat extracts) and allow it to run into 1). Connect D with the motor as shown in 
Fig. 31 and shake for 5 min. 
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If the soln. of the sample is viscous and threatens to foam over, rinse out B, and 
then thru it introduce a little caprylic alcohol into D, or if it is known beforehand 
that the sample will cause excessive foaming, introduce a little caprylic alcohol into 
D thru B, rinsing B with alcohol and ether or drying with a roll of filter paper before 
adding the soln of the sample. 



yio. 31 . - VAN SLYKE APPARATUS FOR THE DETERMINATION OF 
AMINO NITROGEN 

During the shaking there is an evolution of N mixed with NO, the gases being 
collected in F, Force all the gas in D into F by opening a and filling D with liquid 
from A. Connect F with the Hem pel pipet and force the gas into the latter by means 
of the leveling bulb, allowing the cock a to remain open during this and the succeed- 
ing operation in order to permit displacement of the li<iuid in D by the NO formed 
in the interval. Connect the driving rod with the pipet by lifting the hook from the 
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shoulder of D and placing the other hook, on the opposite side of the driving rod, 
over the horizontal lower tube of the pipet. Shaking the pipet rather slowly for a 
few min. completes the absorption of NO except with almost completely ex- 
hausted permanganate solns. Return the gas to the buret; adjust the level with the 
leveling bulb; note the volume of N, the temp., and the barometric pressure; and 
calculate the volume of N under standard conditions of temp, and pressure. Obtain 
the corresponding weight of N, divide the latter by 2, and from the quotient cal- 



FIG. 32 —DETAILS OF THE DEAMINIZING BULB AND CONNECTION 

culate the apparent percentage of amino N in the sample. Correct the result for a 
blank test performed as above, using 10 cc of HjO instead of the soln of the sample. 
The quantity of gas obtained in the blank is usually 0.3 -0.4 cc, and nitrite solns 
giving a much larger correction should be rejected. 

With beef extracts and similar preparations, 5 min. is sufficient time to allow for 
the completion of the reaction in Z). In general, the same time serves for the decom- 
position of alpha-amino acids, but with ammonia, methylamine, and most amines 
other than alpha-amines 1-1.6 hours should be allowed. For determinations on such 
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substances mix the soln of the sample with the reagents, as described above, allow 
the mixture to stand in the apparatus till the end of the required time, and conclude 
the reaction by shaking the apparatus with the motor for 2-3 min. Continue the 
determination from this point as directed above. 

34 Sorensen Method^* — Tentative 

To 20 cc of the filtrate from 28, neutralized to phenolphthalein with Ba(OH )2 or 
NaOH, or to 20 cc of an equivalent extract of the meat (in some cases a larger vol- 
ume may be necessary) add 10 cc of a freshly prepared phenolphthalein-formol 
mixture [50 cc of commercial for mol containing 1 cc of a 0.5% soln of phenolphtha- 
lein in 50% alcohol, exactly neutralized with 0.2 JV Ba(OH )2 or NaOH]. Titrate the 
mixture with 0.2 jV Ba(OH )2 soln until a distinct red color appears, add a slight 
known excess of 0.2 N Ba(OH)z, and titrate back to neutrality with 0.2 N HCl. 
Conduct a blank titration with the same reagents, using 20 cc of H^O in place of the 
soln to be tested. From the quantity of 0.2 N Ba(OIi )2 required to neutralize the 
mixture, corrected for the quantity used in the blank titration, calculate the quan- 
tity of amino N present (including NHj if this has not been removed). 1 cc of 0.2 N 
Ba(OH )2 soln =2.8 mg of amino N. 

35 TOTAL SOLUBLE PHOSPHORUS— TENTATIVE 

Evaporate to dryness 50 cc of the water extract prepared under 26, moisten the 
residue with 10 cc of 11280 ^, add a few drops of IINOa, and heat on a hot plate until 
all the organic matter is destroyed. Add 100 cc of HzO, boil for a few minutes, and 
proceed as directed under II, 9. 

36 SEPARATION OF SOLUBLE INORGANIC AND ORGANIC PHOSPHORUS- TENTATIVE 

To 500 cc of the extract prepared as directed under 26, add 50 cc of magnesia 
mixture, II, 7(c), and stir thoroly. Allow to stand 15 min., add 25 cc of NlliOH, 
cover, and allow to stand 3 days. Filter, and wash the precipitate with Nn 40 II 
(1 -j-O). Dissolve the precipitate on the filter paper and that remaining in the beaker 
in dilute IINO 3 (1 -1-1) and hot IIjO, receiving the soln in a 400 cc beaker. Neutralize 
with N II 4 OII, make slightly acid with HNO 3 , add 5 g of NH 4 NO 3 , and determine P 
as directed under II, 9. 

MEAT EXTRACTS AND SIMILAR PRODUCTS 

37 PREPARATION OF SAMPLE— OFFICIAL 

Remove liquid and semi-liquid meat extracts and similar preparations from the 
container and mix thoroly before sampling. (A little heating expedites the mixing 
of pasty extracts.) Carefully remove the sediment that form.s in many liquid prep- 
arations from the bottom of the container and include in the sample. If the sample 
is in the form of cubes, grind 10-12 of the cubes in a mortar. 

38 MOISTURE— OFFICIAL 

Proceed as directed under XXVII, 2, using about 2 g of powdered preparations, 
about 3 g of pasty preparations, and 5-10 g of liquid extracts, according to the solid 
content. Dry the powdered preparations directly without admixture, Dissolve the 
pasty preparations in HjO and dry with sufficient ignite<l sand, asbestos, or pumice 
stone to absorb the soln. When glycerol is present, proceed as directed under 
XXVII, 6. 
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39 ASH— OFFICUL 

Proceed as directed under XXVII, 8. Add sufficient H 2 O to pasty preparations to 
effect soln and evaporate to dryness in order that the solids may be distributed 
evenly over the bottom of the dish. 

40 TOTAL PHOSPHORUS— OFFICIAL 

Destroy organic matter as directed under II, 8(c) or (d), and proceed as direeteil 

under II, 9 or 12. 

41 CHLORIDES— OFFICIAL 

Dissolve about 1 g of the prepared sample, 37, in 20 cc of 5% NazCOj soln and 
proceed as directed under XII, 32, 33. 

42 FAT— TENTATIVE 

Transfer the residue from the determination of moisture to a continuous extrac- 
tion apparatus and proceed as directed under XXVII, 22. 

43 TOTAL NITROGEN— OFFICIAL 
Proceed as directed under II, 21, 23 or 25. 

44 AMMONIA— TENTATIVE 

Introduce 1 g of pasty extracts or 2-3 g of fluid extracts into tube B of the Folin 
apparatus and proceed as directed under 10. 

45 INSOLUBLE NITRO GEN TENTATIVE 

Dissolve in cold H^O 5 g of powdered preparations, 8-10 g of pasty extracts, and 
20-25 g of fluid extracts. Filter, and wash with cold H 2 O. Transfer the filter paper 
and contents to a Kjeldahl flask and determine N as directed under 11, 21, 23 or 25. 
If a large quantity of insoluble matter is present, transfer the weighed sample to a 
volumetric flask, dilute to a definite volume, shake thoroly, filter thru a folded filter, 
and determine N in an aliquot of the filtrate. Total N, 43, -N in the total filtrate = 
N in the insoluble N. Insoluble N X6. 25 = percentage of insoluble protein. 

46 COAGULABLE NITROGEN— TENTATIVE 

Prepare a soln of the sample as directed under 45. Use as large an aliquot of the 
filtrate from the insoluble N, 45, as practicable, and neutralize to phenolphthalein 
by the addition of acetic acid or NaOH, whichever may be necessary; add 1 cc of 
1 N acetic acid, boil for 2-3 min., cool to room temp., dilute to 600 cc, and pass 
thru a folded filter. 

Determine N in 50 cc of the filtrate as directed under II, 21, 23 or 25. Soluble N 
(total N ~N occurring as insoluble N) — 10 X the N obtained = the percentage of N 
present as coagulablc N. Coagulable N X6.25 =coagulabIe protein in the sample. 

47 PROTEOSES AND GELATIN^— TENTATIVE 

Evaporate the filtrate from 46 to a small volume and saturate with ZnSOj (about 
85 g to 50 cc, avoiding such an excess as would later cause bumping). Let stand 
several hours, filter, and wash the precipitate with saturated ZnSO* soln. Place the 
filter and precipitate in a Kjeldahl flask and determine N as directed under II, 21, 
23 or 25. Or, if the precipitate is voluminous, which is unusual, dilute to a definite 
volume with saturated ZnS04 soln, filter, and determine the N in an aliquot of the 
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filtrate as directed under II, 21, 23 or 25. N in the filtrate from the coagulable N. 
46, — the N thus obtained = the N of the precipitated protein (proteoses and gelatin). 

48 GELATIN— TENTATIVE 

Prepare a 50% soln of the sample, using hot lIjO, allow to cool, and place in an 
ice box for 2 hours. If gelatin is present, the soln will set. 

The ratio of total creatinin to total N in a normal meat extract (1:1.5) assists in 
determining the presence of gelatin or gelatin derivatives. The ratio is decreased 
when gelatin or gelatin derivatives are present in any considerable quantity. 

49 AMINO NITROGEN— TENTATIVE 

Proceed as directed under 33 or 34, using an aliquot of the filtrate from 46. 

50 ACID ALCOHOL-SOLUBLE NITROGEN^!— TENTATIVE 

Transfer 10 cc of an aqueous soln of the sample (10 g of the sample dissolved in 
suflicieiit HjO to make 100 cc) or, if the sample is insoluble in H 2 O, 1 g of the sample 
and 10 cc of H;0, to a 200 cc glass-stoppered measuring cylinder; add 1.2 cc of 12% 
HCl, mix, and add absolute alcohol to the 200 cc mark. Mix thoroly and set a8i<le 
for several hours. If necessary, make up to volume, filter, transfer 100 cc of the 
filtrate to a Kjeldahl flask, evaporate the alcohol on a water bath, and determine N 
in the residue as directed uiuier II, 21, 23 or 25. 

51 CREATIN-OFFICIAL 

Di.ssolve about 7 g of the sample in cold (20®) NHj-free HjO in a 150 cc beaker, 
transfer the soln to a 250 cc volumetric flask, dilute to the mark, and mix thoroly. 
Transfer a 20 cc aliquot of this soln to a 50 cc volumetric flask and proceed as di- 
rected under 31. Subtract from the combined creatinin value the equivalent of the 
pre-form ed creatinin, 52, and multiply the difference by 1.16 to convert into creatin. 
Express the result as percentage of creatin. 

52 CREATININ OFFICIAL 

Measure about 5 cc of the soln used in 51 into a 500 cc volumetric flask, add 10 cc 
of 10% XaOH soln and 30 cc of saturated picric acid soln (1.2%), mix, and rotate 
for 30 seconds. Allow to stand exactly 4.5 min. and then dilute to the mark at once 
with HjO. Shake thoroly and read the depth of color after standing. If the reading 
is less than 7 or more than 9.5 mm, repeat, calculating the quantity of soln necessary 
to obtain a reading of about 8 mm. Express the result a.s percentage of creatinin, 
making the calculations as indicated under 31. 

53 NITRATES (INCLUDING ALSO NITRITES)— TENTATIVE 
Proceed as directed under 13 or 15. 

54 GLYCEROLi’-TENTATIVE 

Weigh 2 g of a solid or 5 g of a liquid preparation in a small lead dish or thin glass 
shell containing 20 g of ignited sand. Transfer the di.sh and its contents to a mortar 
containing more ignited sand and several grams of anhydrous NajSOi and mix 
thoroly. Transfer the mixture, including the dish, to a Soxhlet apparatus that has a 
piece of cotton placed in the side arm to prevent solid particles from being siphoned 
over. Extract the entire ma.s5 with redistilled anhydrous acetone for 10 hours. Distil 
the acetone from the extract, carefully removing the last trace by means of a 
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vacuum pump. Take up the residue in HjO, add 5 cc of 10% AgNOs soln, dilute to 
a volume of 100 cc, shake, allow to stand overnight, filter, and determine glycerol 
in an aliquot of the filtrate as directed under XXXIII, 72, beginning with “Add 1 cc 
of sulfuric acid.” With solid meat and yeast extracts a blank of 0. 5-1.0% is obtained 
in most cases. 

55 SUGAR— TENTATIVE 

Heat 20 g of the sample with about 200 cc of H2O on a steam bath until all soluble 
substances have gone into soln, and proceed from thi.s point as directed under 22. 
Reducing sugars to the extent of 0.5% may be present as a natural constituent of 
meat extracts, 

56 PRESERVATIVES— OFFICIAL 
Proceed as directed under XXXII, 

57 METALS— TENTATIVE 
Proceed as directed under XXIX. 

GELATIN”— TENTATIVE 

58 PREPARATION OF SAMPLE 

In the case of ground gelatin mix thoroly. In the case of sheet gelatin break the 
sheets into small pieces by hand. Further comminution is unnecessary in either case. 

59 MOISTURE 

Use a flat-bottomed metal dish approximately 55 mm in diameter and provided 
with a tightly fitting slip-in cover. Heat dish and cover to constant weight at 100“, 
cool, and weigh. Add approximately 2 g of the prepared sample, 58; cover loosely, 
and reweigh. Place the dish uncovered in a water-jacketed oven and dry for 6 hours 
at the temp, of boiling H.O. Press the cover firmly in place, remove the dish from 
the oven, cool in a vacuum desiccator over II2SO4, and weigh. In releasing the 
vacuum admit the incoming air thru H2SO4. Report the loss in weight as moisture, 

60 ash 

Ignite at low redness, preferably in a inuflle, as directed under XXVII, 8. 

61 TOTAL PHOSPHORUS 

Treat the ash, 60, with 2 -3 cc of ITNOj and evaporate to dryness on a steam bath. 
Repeat the HNOj treatment and evaporation, take iij) the residue in hot HjO con- 
taining a few drops of HNO3, and proceed as directed under II, 9. 

62 NITROGEN 

Proceed as directed under II, 21, 23 or 25, using a weighed quantity (about 2 g) 
of the sample. In the Kjeldahl and Gunning methods digest with the HjSOh for at 
least 4 hours after the mixture has bei'.oine clear and in the Kjeldahl-Gunning- 
Arnold method for 2 hours after the mixture has become dear. 

63 ARSE NIC w 

Heat 20 g of the sample with 75 cc of As-free HCl (i -f-3) in a covered vessel until 
all insoluble matter has flocculate<I and the gelatin is dissolved. Add an excess of 
Br water (about 20 cc) and neutralize with NIGOH; add 0.5 cc of 85% H3PO4, or 


367 



XXVIII 


METHODS OE ANALYSIS 


2 g of NajHPO<.12HjO, or 2 g of crystallized NaNH4HP04.4H,0; and allow to 
cool. Precipitate the arsenic acid along with the phosphoric acid by adding an excess 
(about 30-35 cc) of magnesia mixture, II, 7(c). Allow to stand for 30 min., filter, 
wash the precipitate several times with NH4OH (1 + 15), drain well, and dissolve 
in As-free HCl (1+3) to 50 cc volume in a volumetric flask. Take a 25 ce aliquot, 
dilute to 40 cc with HCl (1 +3), and proceed as directed under XXIX, 4, beginning 
with ‘‘add 5 cc of the KI reagent.’' Use HCl in preparing the standard stains and 
run a blank determination on the reagents used. Arsenic impurities, if present, are 
usually found in the phosph.ate added. 

W COPPER 

Hydrolyze 50 g of the sample with 150 cc of HCl (1+3) as directed under 63, 
heating about 2 hours on a steam bath. To facilitate filtration and separation from 
Zn and Fe later, use the phosphoric acid or phosphate, and magnesia mixture, as 
directed under 63. Precipitate with Hj8 in a slightly annnoniacal soln. Allow the 
precipitate to settle, filter, and wash with 5% NII4CI soln saturated with H2S. 
Dis.soIve off the Zn and Fe sulfides, MgNIUPOi, etc., in 75 cc of HCl (1 +9) satu- 
rated with HoS. Reserve the soln for the determination of Zn as directed under 65, 

Digest the filter and CuS with 4 cc of H2S04and suflicient HNO3 until the residue 
fumes freely and remains perfectly colorless. Cool, and add 10 cc of H2O and a 
slight excess of Br water. Boil ofT the excess of Br, cool, and make alkaline with 
NH4OH. Filter to remove any Fe(OH)3 or other precipitate formed and wash the 
filter and precipitate with hot H2O. Remove excess of NHj in filtrate by heating; 
then acidify with 1 cc of glacial acetic acid. C'ool, add 1 g of Kl, and titrate with 
0.01 N NajSjOj soln with or without starch indicator. 1 cc of 0.01 X Na2S2Oj = 0.63 
mg of Cu. 

65 ZINC 

Boil the Zn and Fe soln under 64 to expel all H2S. Make the soln decidedly am- 
moniacal and then make it decidedly acid with HCOOH (1 + 1). Filter while hot to 
remove insoluble matter as alumina, etc., and then pass in rapidly a stream of IDS 
for 10 min. Warm the soln 15 min. on a steam bath; then remove and allow to stand 
for 30 min. before filtration. Filter, wash the precipitate of ZnS with 2% NH4CNS 
aoln, dry, ignite at the highest temp, of a Bunsen burner, cool, and weigh the ZnO. 

66 polariscopic constants^' 

Prepare a soln of a concentration of 3 g per 100 cc by soaking 3 g of the sample in 
40-50 cc of cold H2O for approximately 15 min., heating to complete soln at about 
50* and diluting to a volume of 100 cc at 35*. Polarize at 35* in a 2 dm tube, using 
the Ventzke scale. 

Cool a portion of the gelatin soln rapidly to 10 -15° and ]ioiir into cold, dry 1 dm 
tubes before jelly has had time to form. Place the tube in a constant temp, bath at 
15° for 18 hours to obtain equilibrium rotation, and then polarize at 15°. Double 
the reading to place it on the basis of a 2 dm tube. 

In order to clarify cloudy samples before polarizing, digest the original 100 cc in 
a stoppered flask with approximately 10 g of lightly powdered MgUOj for at least 
1 hour at 35 40° and filter thru a folded filter until clear, avoiding unnecessary 
evaporation. 

The increase in levorotation (mutarotation) between 35° and 15° is an index of 
the jelly strength developed. 


368 



MEAT AND MEAT PRODUCTS 


XXVIll 


SULFUR DIOXIDE 

67 Distillation Method 

Proceed as directed under XXXII, 32. 
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ARSENIC! 

(THt:eit Method — Oiflcial 

I REAGEN'TS 

(a) iSi«nnoi^s chloride soln . — Dissolve 40 g of As-free SnCl2.2H20 in HCl and 
make up to 100 cc with the same strength acid. 

(b) Zinc. — Use 20- or 30-niesli, As-free granulated Zu, which needs no preliminary 
treatment, or As-free stick Zn either cut into pieces 1 cm in length, preferably by 
means of a bolt clipper equipped with a securely mounted guide, or melted and cast 
into pellets of approximately equal size and surface area in a porcelain mold drilled 
9 mm in diameter and 12,5 mm deep. .Activate the pieces of Zn with HCl (1-1-3), 
to which has been added 2 cc of the SnCU, allowing the action to continue 15 min. 
Sort out distinctly inactive or overactive pieces and pour off the liquid. Wash the 
Zn free from acid v ith hot, distilled HuO, or with clear running lUO, and then rinse 
with hot, distilled 1120. Select uniformly etched non-pitted Zn. To maintain a sup- 
ply of uniform Zn when a large number of determinations are run, maintain a sys- 
tem of rotation, using the Zn from an original receptacle until the slock is exhausted 
and putting the used Zn into a second receptacle. Discard non-uniform pieces and 
use the Zn from the second receptacle after washing it with clear running IDO. 
Repeat this procedure until the pieces are too small for further use. 

(c) Ammonium oxalate so/n.— Saturated. 

(d) Potassium iodide —Dissolve 15 g of KI in IDO and dilute to 100 cc. 

(e) -Sand,— Clean 30-mesh (thru 30- i)ut not 40-mesh) white sea sand by washing 
successively with hot 10% XaOH soln, Imt concentrated HXO-j, and hot distilled 
HoO. Dry the clean sand. 

(f) ^^ercuric bromide /)aper. — Cut heavy, cold-pressed, close-textured drafting 
paper, similar to Whatman N'o. 40, into strips exactly 2.5 mm wide and about 12 
cm long. (This paper can be purchased in individual strips or in sheets of cut strips. 
If purchased already cut, examine the strips carefully to see that they have been cut 
from paper of the .same weight and texture and are, nnifoi’m in width. Uniformity 
of width and character of paper are of first irnijortance; slight variations may cause 
considerable difference in the length of stain produced by the same (piantity of As. 
The Hanford-Pratt or similar As strip.s have proved to lie very satisfactory.) To 
sensitize, soak the strips for 1 hour or longer in a 3 i)% soln of Ilglir'. in 95% alcohol, 
according to the quantity, character, and activity of the Zn used. If the strips arc 
in sheets, cut off two sides before soaking and leave the strips attached at the ends. 
(The length and density of stain for any given strips are controlled primarily l)y the 
activity of the Zn and secondarily by the strength of the HgRr^. A 5% soln of 
HgBrj is satisfactory in most instances.) Have the sensitizing soln of HgBi’i in a 
fresh condition — in no case use it after a precipitate begins to deposit. After sensi- 
tization remove the stri[>s and dry the imlividual ones on glas.s rrnls and the groups 
by waving them in the air. flf de-sired, jdace the strips when nearly dry lietween 
clean sheets of paper and subject them to jiressurc long enough to lake out any 
bends or curls.) When the individual strips are used, cut them off sipiarcly about 
half an inch from one end and insert thi.s end into the narrow tube. Handle the 
strips only at one end, keeping the rest of the strip tdean and free of any contamina- 
tion. Compare stains only with a curve obtained from standard strips run at the 
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same time and from the same strip-group. (Aging of the impregnated strips usually 
results in markedly fainter and longer stains. The most desirable type of stain re- 
sults from the use of strips that have not been impregnated longer than 2 days.) 

(g) Standard arsenic soln . — Dissolve 1 g of As20a in 25 ec of 20% NaOlT. Satu- 
rate the soln with CO2 and dilute to 1 liter with recently boiled HjO. 1 cc of this 
soln contains I mg of AsaOa. Dilute 40 cc of thi.s soln to 1 liter. Make 50 cc of the 
diluted soln to 1 liter and use to prepare the standard stains. 1 cc of the latter soln 
contains 0.002 mg of AsjOa. A soln containing 0.001 mg of As20j may also be pre- 
pared if desired. Prepare fresh dilute solns at frequent intervals. 


2 


APrARATIJS 


(a) Generators and absorplioa tubes . — Use 2 oz. wide-mouthed bottles of uniform 
capacity and design as generators, and fit each by means of a perforated stopper 
with a glass tube 1 cm in diameter and 0-7 cm long, with an addi- 
tional constricted end to facilitate conneidion. Place a small wad 
of glass wool in the constricted bottom end of the tube and add 
3.5-4 g of the 30-mesh cleaned sand, taking care to have the same 
quantity in each tube. Moisten the sand with 10% Pb acetate 
soln and remove excess by light suction. Clean the sand when 
necessary by treatment (do not remove sand from tube) with 
HNOj followed by an H2O rinse and suction. Treat with the Pb 
acetate soln. If the sand has dried thru disuse, dean and rc- 
moisten it as directed. Connect the tube by means of a rubber 
.stopper with a narrow glass tube 2. 6-2.7 mm in internal diameter 
and 10-12 cm long, and introduce the clean end of the strip of 
lIgBr2 paper. (A 3 mm bore allows the strip to curl, which results 
in an uneven stain and a iioor end point.) Clean and dry the tube 
before inserting the bromide pajier. An ordiiiary pipe cleaner may 
be used. 

(b) Water bath . — Use any constant temp, water bath. If no 
water liath is available, use any fiai-botLomed container of 
.suitable depth and capacity. (A deep water bath is suggested to 
insure uniform conditions during evolution and absorption of 
the As.) 





3 PREPARATION OF SAMPLE 

(a) h’or fresh fruiis {apples, pears or similar products ). — Weigh 
and peel a representative sample of the fruit (1-5 lbs.). At the 
blossom and stem ends cut out all flesh thought to be contami- 
nated with arsenical <’.om|)()Uiids and include with the peelings. 
Place the peelings in 1 or more 800 cc Pyrex Kjeldahl flasks. (As- 
free Pyrex glassware and “wet ashing’’ apparatus of Duriron are 
now available.) Add 25-50 cc of HNO3, then add cautiously 20 cc 
of H2SO4. Place each flask on an asbestos mat with a 2 in. hole. 
Warm slightly and discontinue heating if foaming becomes ex- 
cessive. When the reaction has quieted, heat cautiously and 
rotate the flask from time to time to prevent caking of the sample 
upon the glass exposed to the flame. Maintain an oxidizing mix- 
ture in the flask at all times during the digestion by adding cau- 
tiously small quantities of HNO3 whenever the mixture turns 





FiG. 33.— 
GENERATOR TO 
BE USED WITH 
THE GUTZEIT 
METHOD FOR 
THE DETERMI- 
NATION OF AR- 
SENIC 
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brown or darkens. Continue the digestion until the organic matter is destroyed and 
SOj fumes are copiously evolved. The final soln should be water-white, or at most a 
light straw color. Cool slightly and add 75 cc of H 2 O and 25 cc of the saturated soln 
of NH* oxalate to assist in expelling oxides of N from the soln. Evaporate again to 
the point where fumes of 8O3 appear in the neck of the flask. Cool, and dilute with 
H 2 O to 500 or 1000 cc in a volumetric flask. 

(b) For dried fruit product^i. — Prepare the sample by alternately grinding and 
mixing 4-5 times in a food chopper. Place 35 -70 g portions in 800 cc Kjeldahl flasks, 
and add 10-25 cc of HjO, 25-50 cc of HNO3, and 20 cc of H2SO4. Continue the di- 
gestion as directed in 3(a). Dilute the digested soln to 250 cc. 

(c) For small fruits, vegetahles, etc, — Use 70-140 g of sample and digest as di- 
rected under 3(a) and (b). 

(d) For materials other than (a), (6), or (c). — Digest 5-50 g, according to degree 
of dryness and amount of As expected, as directed under 3(a) and (b). Dilute to 
definite volume dictated by circumstances. 

(e) For products containing stable organic As compounds, products liable to yield 
incompletely oxidized organic derimtives that inhibit arsine evolution, or products that 
are especially difficult to digest. — Shrimp, tobacco, and oils, and possibly other prod- 
ucts, require special treatment previous to the As determination. For details consult 
the following references: 

(1) C. R. Gross, Ind. Eng. Chem. Anal. Ed., 5, 58 (1933). Pyridine residues from 
nicotine in tobacco inhibit arsine evolution. Arsenic can be isolated from pyridine 
and other interfering substances by co-prccipitation of magnesium ammonium 
phosphate and arsenate. 

(2) Carey, Blodgett, and Satterlee, Ind. Eng. Chem. Anal. Ed., 6, 327 (1934), 
Dry samples are oxidized in an oxygen bomb, and the contents of the bomb are 
treated in a special apparatus. 

(3) Remington, C'oulson, and von Kolnitz, Ind. Eng. Chem. Annh Ed., 6, 280 
(1934). Samples are burned in an enclosed torch and products of combustion are 
washed in an absorption train. 

Dilute the As solns obtained by these special methods of preparation to definite 
volume, 

4 ISOL.^.TION OF AR.SENIC 

Whenever it is desirable to concentrate the As, when interfering substances are 
present in the digests (pyridine), or when samples contain excessive amounts of 
salts, or HjS 04 from digestions, isolate the As before making the determination. 
Consult reference 3(1), or use the trichloride distillation of As, bromate method, 6. 

5 DETERMINATION 

Determine the acid (HCl or H 2 S 04 according to the previous treatment), by ti- 
tration if necessary, in a definite volume of the sample soln. Place aliquots (not to 
exceed 30 cc) in Gutzeit generators, gaging the quantity of As in the aliquot to 
0.01-0,03 mg of AsjOi (0.020-0.025 mg is optimum). If the arsenic in the aliquot 
taken is found to be outside the limits specified, repeat with the proper aliquot. If 
the aliquot contains only IICI, add sufficient IlCI to make a total volume of 5 cc; 
if it contains H 2 SO 4 , add sufficient 25% As-free NaOH soln (keep in As-free Pyrex) 
to exactly neutralize it and add 5 cc of HCl, or add sufficient HCl to the H 2 SO 4 in 
the aliquot to make a total volume of 5 cc. Cool when necessary and add 5 cc of the 
KI reagent and 4 drops of the SnClj, 1 (a). From the standard As soln prepare 
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standards corresponding to 0.010, 0.020, and 0.030 mg of AsjOs. As the standards 
must contain the same kind and amounts of acid as the samples, add 5 cc of HCl, 
or H2SO4 and HCl (total 5 cc) according to the prior treatment of the unknown. 
If the H2SO4 has been neutralized, add an equivalent quantity of As-free Na2S04 
to the standards. Mix, and allow to stand for 30 min. at not less than 25'’ or 5 min. 
at 90°. Dilute with H^O to 40 cc. 

Prepare the generator as directed under 2 and center a strip of HgBr2 paper 
carefully in the narrow tube. According to the activity of the Zn, add to each of the 
standards and samples 10-15 g of activated stick Zn or 2-5 g of granulated Zn and 
add the same quantity to each generator. Equalize as far as possible the surface 
area of Zn exposed in standard and sample. 

Immerse the apparatus to within 1 inch of the top of the narrow tube in the 
water bath, which is kept at a constant temp, between 20 and 25°, and allow the 
evolution to proceed for 1.5 hours, llemove the strip and average the length of the 
stains on both sides in mm. Plot a graph of the standard strips on cross-sectioned 
paper, using the length in mm as ordinates and the mg of AsjOj as abscissa. (The 
preparation of a standard graph averages the errors of individual standards. Read- 
ing the strip from such a graph is considered more convenient and accurate than 
comparing the strips themselves.) Locate the length of the unknown strip on a 
standard graph and read off on the abscissa the quantity of As present. Report 
only to the third decimal as grains of As20s per pound. Take smaller or larger 
aliquots when the stain is longer or shorter than the highest or lowest standard, 
respectively. Grain/lb. X 143 =p.p,m,; p.p.m. X0.007 = gr./lb. 

Frequent blanks should he made. With reagents of .suitable quality, blanks should 
not show more than 0.001 mg of AS2O3. 

Bromate Method^ — Tentative 

(Applicable to the determination of arsenic in plants and food products where a 
sample of convenient size for digestion will yield at least 0.005 grain (0.324 mg) 
of AS2O3.) 

6 REAGENTS 

(a) A7n?nonium oxalate-urea soln . — To a saturated H2O soln of ammonium oxalate 
add 50 g of urea per liter. 

(b) Hydrazine sulfate-sodiuin bromide soln , — Dissolve 20 g of hydrazine sulfate 
and 20 g of NaBr in 1 liter of HCl (1 -f-4). 

(c) Sodium chloride . — Commercial salt, uniodized. 

(d) Standard potassium bromate soln.- -Dissolve 0.1823 g in H2O and dilute to 
1 liter. 1 ml =0.005 grain of AS2O3. Standardize by titration against the standard 
ATsenious oxide soln, (e), making the titration at about 90° and in the presence of 
about 100 ml of H2O and 25 ml of HCl, iii order to simulate the conditions under 
which the samples will be titrated, 1 ml of the bromate soln should be equivalent 
to 1 ml of the AS2O3 soln. 

(e) Standard arsenious oxide soln . — Dissolve 0.3241 g of AS2O3 in 25 ml of 10% 
NaOH, make slightly acid with H2SO4 (1+0), and dilute with H2O to 1 liter. 

7 OISTILLTNC .\PPAR.MIJS 

The distilling apparatus consists of an 800 ml Kjeldahl flask (A), distilling tube 
(B), and 300 ml Erlenmeyer flask (C). 

To prepare the distilling tube, bend a 10-15 mm glass tube to an acute angle of 
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about 70“, Draw the longer arm, which is about 15-20 in. long, down to an orifice of 
about 3 mm. Fit the shorter arm (about 4 in,) with a No. 7 rubber stopper, which 
has previously been boiled in 10% NaOH for 15 min., and then in HCl for 15 min,, 
in order to remove most of the sulfur compounds which might be distilled and 
react with the bromate soln. 



FIG 31— DISTILLING APPAK.\TLS FOR THE DETERMINATION OF ARSENIC 
BY THE BROMATE METHOD 

8 PREPARATION OF SAMPLE 

Introduce a suitable sample, 3, containing 0.005 grain (0.324 mg) or more of 
AssOj into an 800 ml Kjeldahl flask. Proceed with the acid digestion as directed 
under the Gutzeit method with the following exception; Arid exactly 20 ml of 
H!S 04 , or (rarely), if the material is difficult to digest, exactly 25 ml at the be- 
ginning of the digestion. After digestion is complete, add 50 ml of HjO and 25 ml 
of the ammonium oxalate-urea soln, and boil until white fumes extend up into 
the neck of the flask to decompose oxalates and urea completely. (Volatile inter- 
mediate product.s may titrate with bromate. If the beat available i.s insufficient to 
decompose these substances, it i.s preferable to evaporate to fumes with IljO alone. 
Hydrazine sulfate will de.stroy small amounts of oxides of nitrogen.) 

9 ISOI.ATION 

Add 25 ml of HoO to the digesterl soln in the Kjeldahl fla.sk and cool to room 
temp. Put 100 ml of HjO into the Erlenmeyer na.sk. .\dd to the soln in the Kjeldahl 
flask 20 g of XaCl and 2.5 ml of the hydrazine sulfate-sodiurn bromirle soln and con- 
nect the di.stilling tube. Heat the Kjeldahl fla.sk over a small wcll-])rotected flame, 
and di.stil into the HjO in the Krlerimeyer flask. (The heating is not intended to 
boil the soln but to bring af)out the evolutif)n of the H(d gas, which carries over 
the A 5 CI 3 with it. The absorption of the evolved l[(T gas by the lIjO causes a rise 
in temp., which furnishes an indication of the progress of the distillation.) Adjust 
the flames .so tliat the temp, of the distillate soln will rise to 00° in 9 11 min. and 
then di.scontinuc distillation. (The residual mixture in the flask should not be less 
than 55 ml.) If the di.stiiiatiori procee<].s further, or a larger (piantity of H 28 O 4 than 
that specified is u.scd in the dige.stion, iSO;j is distilled, which is titrated as As. 

10 DETEK.MI.VATION 

Titrate the distillate at once with the hroniate soln, using 3 drops of methyl 
orange indicator. Single drop.s of indicator, but not exceeding 3, may be adtled 
during titration as the red color fades. Towards the end of the titration a<ld the 
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bromfite soln very slowly and with constant agitation to prevent local excess. The 
end point is reached when a single drop of the bromatc just destroys the final tinge 
of red color. To determine when this point has been reached, use an Erlenmeyer 
flask of clear H 2 O for comparison The end point must not be exceeded as the action 
of the indicator is not reversible and back titrations are not reliable. At the proper 
end point, the red color produced by 2 adtlitional drops of methyl orange indicator 
should persist for at least 1 min. Correct results for the volume of bromate used in 
a blank run (digest 5 g of pure sucrose) with the same reagents (same quantities) 
and the regular distillation procedure. The blank tiU'atiori should not exceed 0.7 ml 
of bromate soln. The method is accurate down to the variations in the blank, which 
should not exceed 0.1 ml when chemicals from the same lot arc used. Should the 
blank titration be high or variable, test the individual reagents for purity by bro- 
mate titration and discard unsatisfactory ones. Test the H^SOn by bringing 20 ml 
to a boil, cooling, diluting with llaO to 100 ml, adding a little HCl, and titrating 
while hot. It probably will furnish most of the blank. Select rubber stoppers care- 
fully as they are often the source of unsatisfactory blanks. 

If high results, due to SO 2 produced during distillation, or other reducing sub- 
stance.s, are suspected, dilute the titrated distillate to a definite volume and re- 
determine the As in an aliquot by the Gutzeit method. A positive test for sulfates 
in an aliquot of the titrated distillate indicates contamination with reduced sulfur 
compounds and a necessity for a check on the As. 

LEAD^TENTATIVE 

1 1 rnixcii’i.Es 

The general method call.s for ashing, 14, .separation of the Pb, either as the dithi- 
zone complex, 16, or as the sulfide, 17, followed (depending upon the quantity) by 
electrolytic determination, 18, 19, 20, or by colorimetric dithizonc determination 
in comparator tulies, 22, or with a photometer, 23. At various points in the pro- 
cedure provi.sion is made for removal of contaminating elements, such as Sn and Bi. 
The subject of interference is treated separately, 24-26, and the analyst should 
familiarize himself with the details of these sections before applying the method. 
Special methods of jircpa ration arc presented under 27-30. The continuity of pro- 
cedure and the interrelationships of methods for sample preparation wuth those for 
preliminjirv separation of Pb and its final isolation from interferences arc sum- 
marized in a '“flow sheet" diagram, Fig. 35. The heavy solid lines represent the pre- 
ferred i)roceflure.s. Tho.se used infrecpiently are indicated in lighter solid lines. The 
dotted lines indicate procedures adapted for speed (approximately 95% recoveries 
are exjiectcd), 

12 PRECAUTIONS 

The analyst should decide whether the nature of the determination requires un- 
usual [irecautions in purification of reagents, or whether a blank determination 
will be sufficient. The smaller the quantity of Pb to be determined, the greater the 
care required in the reduction of the blank (see also 21). 

To test the suitability of any reagent place 15-20 cc of concentrated acids or 10- 
15 g of solid reagents dissolved in redistilled H 2 O in a separatory funnel and add 
sufficient Pb-free citric acid to prevent precipitation by ammonia of iron, aluminum, 
alkaline earth phosphates, or other substances. Make the soln ammoniacal and add 
2--3 cc of 10% KCN. Shake the soln with about 5 ec of dithizone soln, 13(e) (5-10 
mg per liter). If the lower layer is green, transfer it to another separatory funnel and 
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extract the excess dithizone with NII^OII (1+99) to which has been added a drop 
of KCN soln. If the CHCU layer is colorless, consider the test negative for general 
analytical purposes. 

When special purification becomes necessary, redistil II jO (distilled HjO stored 
ill tin-lined tanks usually contains Pb and Sn), NH4OH, HNO3, HCl, HBr, Br, and 
CHCIj (U.S.P. free from chlorides) in resistant, all-glass stills (Pyrex is suitable). 
If the stills are new, steam them out with hot IICI or IINO3 vapors to remove 
“surface" Pb. (Subsequent distillates may not be totally Pb-free.) Purify citric acid, 
Na or NH4 acetate, Al(NOs)s, Ca(N 03 ) 2 , and Na 2 S 04 by precipitating the Pb from 
their aqueous solas with H 2 S, using 5-10 mg of CuSOi as a coprecipitant (citric acid 
and aluminum nitrate solns require adjustment with ammonia to pH 3.0-3.5, 
bromophenol blue indicator). Filter (a fritted glass filter is most convenient), boil 
the filtrates for 20 min, to expel excess II 2 S and filter again if necessary to obtain 
brilliantly clear solus. Purify other reagents by recrystallization. 

Store re<li8tilled acids or purified solns of reagents in resistant glass containers of 
minimum Pb content (Pyrex is suitable) carefully cleaned of surface Pb with hot 
HNO3. 

Clean new glass and chemical ware carefully with hot 10% NaOII soln followed 
by hot HNO3 and use only for Pb determinations. 

In the preparation of samples for analysis, avoid Pb contamination. If mixing or 
grinding is necessary, use a porcelain mortar if possible. Avoid the use of metal food 
grinders unless previous experiment has shown that no contamination of the sample 
with Pb or Sn results. If the product to be analyzed cannot be thoroly mixed in its 
own container, or if a composite sample of a number of containers is desired, empty 
into a large glass jar or porcelain dish and mix thoroly with a wooden spoon or por- 
celain spatula. If the liquid portion of the sample cannot be incorporated into the 
ground solid material to obtain a homogeneous mixture, analyze separately. If the 
food is packed in tins having soldered seams (sardines and meats), open the tins 
from the bottom to avoid contaminating the sample with bits of solder. Avoid sift- 
ing in the preparation of samples to prevent metallic contamination or segregation 
of Pb. 


GENERAL METHOD 
Sn and Bi Absent 

(Applicable to such materials as carbohydrates, cereals and cereal products, cacao 
and dairy products, feeds, meats, fish, plant material, fruit and fruit products, fresh 
vegetables, etc., and in general to all organic rnaterials (except fats) in which no Sn 
and Bi arc encountered. For products containing Sn (canned foods) or Bi, proceed 
as directed under 24 - 26 .) 

13 REAGENTS 

(a) Standard lead so^ns,— Dissolve 20-50 g of C.P. Pb nitrate in a minimum of 
hot H 2 O and cool with stirring. Filter the crystals with suction on a small Biichner 
funnel, redissolve, and repeat the recrystallization. Dry the crystals at 100-110“ to 
constant weight. Cool in a desiccator and preserve in a tightly stoppered bottle. 
(The product has no water of crystallization and is not appreciably hygroscopic.) 
Prepare a stock soln containing the equivalent of 2 mg of Pb(3.197 mg of Pb(NOj) 2 ) 
per cc in 1 % HNO3 (b). Prepare weaker dilutions with 1% HNO3 as needed, and do 
not store over long periods, because Pb tends to precipitate out. 

(b) Nitric acid—1%. Dilute 10 cc of fresh, water-white HNO 3 (sp. gr. 1.40) to 
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1 liter \Yith redistilled H2O. (If the acid has been redistilled, boil off nitrous fumes 
and readjust to 1.40 sp. gr. by evaporation or dilution.) 

(c) “Aslt Akr aoln.- Dissolve 40 g of AUNOs)*. OlfaO g of Ca{N()3)j.4H20 
in 100 cc of H2O. 

(d) Citric ucfd.— (Concentrated Pb-frcc soln. 1 cc=0.5 g of citric acid. 

(e) Diphenylthiocarhazone (dilhizofie). — Dissolve about 1 g of the commercial re- 
agent in 50-75 cc of CHCb and filter if insoluble material remains. Shake out in a 
separatory funnel \Yith four 100 cc portions of metal-free (redistilled) ammonia 
{l-|-99). Dithizone passes into the aqueous phase to give an orange colored soln. 
Filter the aqueous extracts into a large separatory funnel thru a pledget of cotton 
inserted in the stem of a funnel. Acidify slightly with dilute HCl and extract the 
precipitated dithizone with two or three 20 cc portions of ClICIj. Combine the ex- 
tracts in a separatory funnel and wash two or three times with H^O. Draw off into 
a beaker and evaporate the CIICls with gentle heat on the steam bath, avoiding 
spattering as the soln goes to dryness. Remove the last traces of moisture by heating 
for an hour at not over 50^ in vacuo. Store the dry reagent in the dark in a tightly 
stoppered bottle. Make up the reagent solns for extraction to contain approxi- 
mately 100, 50, and 10 mg per liter in redistilled CHClj. A stock soln of dithizone 
in CHCI3 containing 1 mg per cc will keep a long time and is convenient for use in 
making dilutions. 

tf) ‘‘Stripping" reagent.- -To 20 cc of saturated Xa acetate soln, add 10 cc of 
glacial acetic acid and make to 100 cc. 

(g) l^oiassium iodide sohi. — 2%. Prepare as frequently as is necessary to prevent 
formation of a starch-iodine color when mixed with reagent (f) in the proportions 
specified in 20. 

(h) Starch soln. — Make up 1 g of Soluble starch to 200 cc. 

(i) Sodium lhiosulfaU\—\ppvo\imt\ie\y 0.1 -V stock soln. Dissolve 24.8 g of 
XaiSi03.5H20 in 1 liter of (‘02-free H5O and allow it to stand (preferably for 2 
weeks) before use. Prej)are approximately 0.001 and 0.005 .\ solns by dilution of 
the stock .soln in the exact ratio of D 100 or 1:20 with COrfiee H2O and standardize 
these electrolytically, using standard PI) soln e(piivaicnt to 0. 2-1.0 mg of Ph for the 
0.001 -V dilution and 1-5 mg of Pb for the 0.005 .V dilution. Subtract anode blanks, 
19-20, and take as the thiosulfate factor the average number of mg of Pb equal to 
1 cc of the solns. Make fre.sh dilutions daily and check the Pb factor at least, every 
month. 

fj) Ammonia-ciianide mixture.— -To 100 cc of 10% KCX or Xa((N in a 500 cc 
volumetric flask add sufficient redistilled ammonia soln to introduce 19.1 g of NIR 
anti complete to volume with redistilled HsD. ^Strength of redistilled ammonia can 
be determined by sp. gr. or titration.) 

(k) Pure metfdlic tin. — Purest obtainable, such as Rurcau of Standards Sample 
Xo. 42 B fO.0035% Pb). (Iranulate the tin as finely as possible by melting and 
pouring very slowly into 1 1 A). Determine the Pb content as follows. Dissolve a 1 2 g 
sample in HBr or H( 1 and volatilize the Sn Ity eva])orating the soln to dryness and 
treating with several 5 cc portions of the HBr-Br? mixture, (1), evaporating to dry- 
ness on the steam bath after each treatment. Take up with 2-3 cc of IINO3, evapo- 
rate to drynes.s to expel Br and take up with hot HjO. Filter, adjust acidity to 1% 
with HXOj and proceed as directed in 19 and 20. 

Cl) Hydrohromic acid-brurnine mixture. — To 250 cc of 40% redistilled HBr add 35 
cc of redistilled liquid Br. 

(m) Sodium polysuljide. — Dissolve 480 g of XajS.OHjO and 40 g of NaOH in 
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HjO, add 16 g of powdered sulfur, shake until the sulfur dissolves, filter, and dilute 
to 1 liter, 

(n) ffydrockloric acid-citric acid . — Add a quantity of Reagent (d) equivalent to 
50 g of citric acid to 50 cc of HCl and dilute to 250 cc. 

(o) Sodium oleaie soln. — 10%. To 45 cc of 30% NaOH and 400 cc of H2O in a 
1.5 liter beaker, add slowly while heating and stirring 90 g (by difference from a 
separatory funnel) of oleic acid. Heat the mixture on the steam bath until the soap 
is entirely dissolved. (A small flocculent precipitate of impurities may remain.) 
Cool, dilute to 1 liter, mix, and filter. 

(p) Ammonia-cyanide-citric soln . — Dissolve 10 g of KC'N or NaCN and 10 g of 
citric acid in 500 cc of NH4OH (sp, gr. 0.90) and dilute to 1 liter. Preserve in a dis- 
pensing apparatus that will minimize loss of NHj by volatilization, 

14 PREPARATION OP .SAMPLE (aSHINO) 

The quantity of material taken for a sample depends upon the amount available 
and the expected Pb content, and whether the Pb is to be determined as directed 
in 19 and 20 or 22 and 23. The Pb ranges for which these procedures are most a[)- 
plicable are given in Fig. 35. In general, weigh a representative sample of 5-200 g, 
depending upon conditions, into a porcelain dish or casserole of convenient size. 
Dry wet samples on the steam bath or in a hot water oven. Add 2-5 cc of the “a.sh- 
aid" soln, 13(c), to products difficult to ash (meats), or to furnish ash bulk to low 
ash products (candies and jellies low in fruit content); mix well, and dry. Char 
gelatin, carbohydrate foorls, suc.h as jam and other products that have a tendency 
to swell excessively, by carefully heating over a burner. (Swelling can be controlled 
by playing a small flame from a glas<s jet over the surface of the material in the 
dish, init do not use a metallic ljurner because of possible metallic contamination.) 
Do not allow the material to ignite. Milk, candies, etc., may be charred by adding 
the sample a little at a time to a casserole heated over a burner or hot plate. When 
the samples are dry or <‘harrcd, place them in a temp, -controlled muffle and raise 
the temp, slowly to 500° without ignition. If the sample contains fat, '‘smoke’' it 
away by heating a sufficient length of time at about 350°. Cover the floor of the 
muffle with a piece of asbestos board or silica plate so that the sample receives 
most of its heat by radiation from the sides and roof and not by conduction from 
the hotter floor of the muffle. 

If the muffle is jirovided with an automatic control, conduct the ashing over- 
night at not over 500°. If the sample is not completely ashed the next morning or 
if day-time ashiiigs at 500° arc not proceeding satisfactorily, remove the cas,serole, 
cool, and moisten the char with 2 5 cc of the ash-aid. Dry the contents of the 
casserole past danger of spattering (no free liquid) and replace it in the muffle. If 
ashing is not complete or proceeding rapidly after 30 min., remove the casserole, 
cool, and cautiously juld 2 3 cc of HXO;^. Dry, place in the muffle, and continue the 
ashing until practically carbon-f rec. Avoid the excessive use of ash-aid and par- 
ticularly HNO3, if the samide still contains much intermixed carbon, because local 
overheating or deflagration may result, especially if much potassium is present in 
the ash. 

When a clean ash is obtained, coni, cover the casserole with a watch-glass, and 
add cautiously 15 20 cc of lU'l. Rinse down the watch-glass with H.O and heat 
on the steam bath. If a clear soln is not obtained, evaporate again to dryness and 
repeat the addition of IH’l. (Fhosphates are sometimes ditflcult to dissolve en- 
tirely, but the addition of 10-15 cc of 60% IICIO4 (double distilled preferred) and 
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evaporation to fumes on the hot plate arc usually effective in obtaininj!; a clear soln, 
aside from silica or particles of carbon. If HCIO4 is used, considerable H 2 O (200 cc) 
may be necessary to completely dissolve potassium perchlorate later, especially if 
KCN instead of NaCN is used in the dithizone extraction of Pb, 16.) 

Dilute with H 2 O and filter the sola when necessary with suction thru a fritted 
glass filter (Jena 11G4 is preferable). Catch the filtrate in a 500 cc glass-stop{)ered 
Erlenmeyer flask under a bell-jar. T.each insoluble material on the filter successively 
with a few cc of the hot II Cl, the hot IlCl-citric acid soln, and the hot ammonium 
acetate. Finally add to the casserole a few pellets (2-3 g) of NaOH and dissolve in 
a few cc of hot H 2 O. Tilt the dish so that the sirupy soln wets completely that por- 
tion of the interior originally occupied by the sample, then heat on the steam bath 
until the interior is nearly dry. Take up the residue with H^O and add directly to 
the filtrate so as not to redissolve any silica on the filter. Finally rinse the dish with 
a few cc of hot HCl followed by hot II 2 O. (This treatment with NaOII dissolves 
any Pb baked on the dish during ashing; it is particularly necessary when (1) the 
ashing is of long duration, (2) no ash-aid has been used, or (3) the natural ash is 
low. Porcelain retains Pb to a lesser extent than does silica.) 

15 ISOL.^TION OF LEAD 

At this point proceed as directed under the dithizone extraction of the alkaline 
soln of the ash, 16, or under the isolation by means of a sulfide precipitation, 17. 
Procedure 16, while rapid and convenient, is limited to those materials which, with 
the aid of citric acid, will yield the clear aramoniacal soln demanded for quantita- 
tive extraction of Pb with dithizone. Lead is readily occluded by many alkaline 
precipitates (Mg and Ca phosphates, A1 and ferric hydroxides and silicates). Many 
food materials may be handled in this way as the naturally occurring amounts of 
these substances are not excessive. However, some materials contain more of these 
substances than can be kept in soln under alkaline conditions with any reasonable 
amount of citric acid. In these cases proceed as directed under 17. The difficulty of 
ammoniacal precipitation may sometimes be overcome by limiting the sample 
size in those cases where sampling is no problem. 

16 DITHIZONE EXTRACTION 

(Applicable to most carbohydrate and cereal foods, fruit and fruit products, 
milk, fresh vegetables, plant materials, etc.) 

Transfer the ash soln to a 300 cc short-stemmed separatory funnel and add citric 
acid reagent, 13(d), equivalent to 10 g of citric acid. Make slightly alkaline to litmus 
with ammonia, keeping the soln cool, and allow to stand 2-5 min. If a precipitate 
forms, redissolve with IICl and isolate the Pb as directed under 17. If no precipitate 
forms, add 5 cc of 10% K(’X or Na(3N soln (more may lie necessary if large quanti- 
ties of Zn, Cu, Cd, etc., are present) and check the pH of the soln by adding a drop 
of thymol blue and observing the color of the drop. (The pH should be 8.5 or above, 
blue-green to blue with thymol blue. If the ash was highly colore<I with Fe, the pH of 
the soln should be kept comparatively low, because a pH of 10 or above in the 
presence of Fe may cause oxidation of the dithizone.) Immediately extract with 20 
cc portions of the dithizone reagent, using the weaker solns unless exceptionally 
large quantities of Pb are present. Shake 10-15 seconds, allow the layers to separate, 
and note the color of the CHCL phase. (The Pb dithizone complex is red, but the 
color may be masked by excess green dithizone, giving intermediate hues of purple 
andcrimson.The color of the CHCU extract gives the first indication of the amount of 
Pb present, and the progress of the extraction can be followed by noting the color 
of successive extracts.) 
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(a) If the Pb is to 5e determined electrolytically (Pb >0.05 mg), draw off the CHClj 
layer into a 125 cc short-stemmed separatory funnel containing 25-30 cc of HjO 
made ammoniacal with one drop of ammonia (sp. gr. 0.90). Continue the extraction 
until two successive extracts with small portions of the weaker dithizone solns show 
the negative green (not bluish or purple) color, combining the extracts in the smaller 
separatory funnel. Shake, allow the layers to separate, draw the CHCh fraction 
into another small separatory funnel, and repeat the washing process as before. 
Draw off the CHClj fraction as cleanly as possible into a 100 or 150 cc beaker, and 
pass a small portion of the dilute dithizone soln thru the funnels in succession so as 
to wash out small portions of the extract persisting in the aqueous fraction. Add to 
the beaker and evaporate the CHCls with gentle heat on the steam bath. Take up 
the dry residue with 3-4 cc of HNOj, and heat by swirling over a low flame. Dilute 
to approximately 25 cc and continue the heating 1-2 min. in order to fume off 
oxides of N. Add a small piece of litmus paper, neutralize with strong ammonia, 
dilute nearly to the capacity of the beaker, and add 1 cc of water-white IINOj 
per 100 cc of soln. Proceed as directed under 19 and 20. 

(b) If the Pb is to be determined by the colorimetric dithizone procedure (Pb<0.2 
mg), do not wa.sh the dithizone extracts with the dilute ammonia, but run directly 
into a smaller separatory funnel containing 25 cc of the 1% HNOs, 13(b). When 
extraction is complete, shake the combined extracts in the smaller separatory funnel 
and draw off the green dithizone into another .separatory funnel containing a further 
25 cc portion of 1% IINO3. Shake, allow the layers to separate, and discard the 
CHCIj fraction. Filter the acid extracts containing Pb in siicce.ssion thru a small 
pledget of wet cotton inserted in the stem of a small funnel, into a 50 cc flask or 
glass-stoppered cylinder, using the second acid extract to wash out the funnel in 
which the first acid extraction was made. (This procedure removes CHCb globules.) 
Make up any slight deficiency in volume with the 1% IINOj and mix. Proceed as 
directed under 22 and 23. (This method of final isolation in 1% HNOsis unsuited 
to the electrolytic determination, as small amounts of CHCI3 dissolved in the acid 
cause chlorides to develop under the conditions of the electrolysis.) 

17 Sulfide Separation 

(Applicable to all products and usually necessary in the case of cacao products, 
te.-i, sardines, and all food products containing a high proportion of alkaline earth 
pho.si)hates, especially those of l\Ig, which promote the formation of precipitates 
in ammoniacal citrate solns.) 

Cool the acid soln of tlie ash, add the citric acid reagent, 13(d), equivalent to 
10 g of citric acid, and adjust to a pH of 3.0-3. 4 (bromophenol blue) with ammonia. 
If enough Fe is present to color the soln strongly, make the final adjustment with 
the help of a spot plate. (Precipitated phosphates from local action of NHiOH may 
usually be redissolved by shaking and cooling.) If the amount of Pb is small, add 
5-10 mg of pure CuSO^ to the soln to act as a coprecipitant. Precipitate the sulfide 
by passing in 1X28 until the soln is saturated (3 5 min.). Immediately filter with 
suction into a flask in a bell jar (fritted glass filter, Jena 11G4 or equivalent, is 
preferable). 

(a) If the Pb is to be determined electrolytically (Pb >0.05 mg), wash the flask and 
precipitate with a few small portions of 3% NasS04 adjusted to pH 3.0-3.4 and 
saturated with the IDS reagent. If a clean sulfide precipitate has been obtained, 
(lissolve the sulfides with 5 cc of hot HNO3, wetting all portions of the filter; allow 
to stand a few minutes and draw thru into the flask in which the sulfide precipita- 
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tion was made. Wash the filter with several portions of hot HaO, stopper the flask, 
shake, and boil for a few minutes to remove traces of HaS. Cool, adjust the acidity 
to 1% with HNOs in 100-125 cc volume and proceed as directed in IQ and 20. If 
there is a possibility of the sulfide precipitate being contaminated with Cl, AS 2 O 3 , 
P 2 O 5 , or Hg in excess of the quantities shown in Fig, 35, or with Sb 2 S 3 , dissolve as 
directed above with HNOj (without the previous washing with Na 2 S 04 soln), wash 
the filter with hot H^O, and boil the soln as before. Transfer to a 200 cc separatory 
funnel, add the citric acid reagent equivalent to 5 g of citric acid, make ammoniacal 
and extract with dithizone soln as directed under 16, 16(a), IQ, and 20. 



(b) If the Fb is to be delermine'l by the colorimetric ditliiz(mc procedure (Pli<0.2 
mg), dissolve the sulfides, without previous washing, with 5 cc of hot IIXO 3 , drawing 
the soln thru into the original flask; wash with hot H 2 O, stopper, shake, and boil to 
remove HjS. Transfer to a 200 cc separatory funnel, add the citric acid reagent 
equivalent to 5 g of citric acid, make ammoniacal, and extract as directed vuider 
16, 16(b), 22, and 23. 

Electrolytic Delenninalion 
18 A pparatus 

A diagram of the apparatus used is shown in Fig. 36. Fo\ir <lry cells in series con- 
stitute a convenient source of current. The meter (0 -500 milliamperes), switch, fuse, 
rheostat (60 ohm radio type), and variable resistance for the control of the motor 
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spfecd (25-500 ohm, amp. capacity) may be conveniently mounted upon a panel. 
The motor fnr rotating the anode (1/20 H.P., 110 v. universal) is equipped with a 
chuck and binding post. The rate of rotation should be sufficient to produce efficient 
circulation and may vary from 400-800 r.p.m. The electrodes consist of a 45-mesh, 
sand-blasted, Pt gauze; cylindrical anode rx5/16'^and 4" overall length, and a 
cathode of 18-gagc Pt wire wound in spiral form. (For larger amounts of Pb (over 
5 mg) a cylindrical anode 2''X2^ is convenient.) 

19 Electrolysis 

Immediately before electrolyzing bring the anode to red heat in the oxidizing 
flame of a burner. (A somewhat variable titration blank is obtained if the anode is 
not heated just before the determination, due possibly to a film of oxygen adsorbed 
on the anode and activated during electrolysis. Heating reduces and renders con- 
stant this “oxygen blank.” With the small anode it will be 0.07-0.1 cc of 0.001 N 
thiosulfate and with the larger electrode jiroport innately larger. The blank for a 
particular anode should be determined from the average of a series of determina- 
tions conducted on pure reagents.) 

In all determinations the sample at this j)oint is contained in a volume of 100-125 
cc of 1% JINO3 (with the large anode a volume of 200 cc is convenient). Place 
the beaker (100-150 cc for the small and 250 cc for the large anode) in position, mak- 
ing sure the electrodes are well covered with soln, and start the motor, Heat to 60- 
70^ and then add about 100 mg of KsCraO? to keep the soln in an oxidized state 
and repress the formation of nitrites, especially when organic matter is present. 
Start the current and electrolyze with al;out 75 milliampcrcs for 20 min. at 70-80". 
(Use 100-150 milliamperes for the larger anode.) Remove the flame, insert the 
siphon in the beaker, and start a stream of distilled H^O playing directly on the 
anode, yfari the si[ihon, taking rare to keep the level of the liquid above the de- 
posit. A convenient siphon can also be made by connecting an inverted V-shaped 
tube to an ordinary wiiter-piimp. The acid is entirely removed when the current 
falls to zero. Turn off the motor, electrolysis current, and rinse water; remove the 
anode from the chuck and give it a final rinse with distilled HjO, 

20 Tilraiiort of FbO-j. 

Dissolve the deposit in 4 -5 ce of the “stripping” reagent, 13(f) -j-1 cc of the K1 
reagent contained in a flat-bottomed vial of such size that the soln just covers the 
anode. Add a few drojns of the starcli soln, 13(h), and titrate the liberated I with 
0.001 .V thiosulfate, 13fi), in the vial, using the anode as a stirrer and sighting down 
thru the vial, as thru a miniature Nessler tube, to detect the delicate end-point. (If 
the quantity of Ph is .scon to be large (1-5 mg), use 0.005 A' thiosulfate and double 
the amount of the reagents 13(f) and (g). With the 2 iii. anode still larger amounts 
may be used.) Xo yellow insoluble PbI -2 should form as the deposit is ‘stripped , 
if it does ad<l more of the Na acetate. (The deposit should dissolve completely and 
almost immediately.) To determine the amount of Pb, subtract the anode and re- 
agent blanks from the total titer and multiply by the factor of the thiosulfate, 
13(i). PbOa+dHI = Ij-f-Pbl2+2H20. Tlie absence of interfering Bi may be assured 
by applying test 26(d). 

21 COLGKLMETltlC DITHIZONE DETEHMINATION* 

The limiting factor in the determination of minute quantities of Pb by the colori- 
metric dithizone procedure is probably the size of the reagent blank. 1 he importance 
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of careful blank determinations must be especially stressed when quantities of d’l) 
of the order of 1 5 y ( 17=0.001 mg) are being determined. With special care in 
purification of reagents and by the use of carefully cleaned Pyrex ware, including 
separatory funnels, it should be possible to reduce the reagent blank to 1 7 or pos- 
sibly below. Owing to Pb-bearing dust, vapors, etc., it is necessary to expose the 
blank determination in the mulHe or on the steam hath for the same length of time 
as the sample is exposed, and to use exactly the same amounts of reagents (even 
HiO) for the blank and actual determinations. 

Pb is extracted from aqueous suln, under standard conditions of volume and pH, 
with a definite volume of a CHCI3 sola of dithizone of standard strength. The opti- 
mum pH of operation is 9.5“10,0. Dithizone strengths are so chosen that an excess 
of dithizone is always present in the reaction mixture. Lead is brought into the 
CIICIj phase in the form of the red complex, and the uncombined green dithizone 
partitions between the aqueous and CHCI3 phases and modifies the color of the 
extract according to the relative amounts of Pb and dithizone. Thus, accord- 
ing to this proportion, a series of colors from red to green may be arranged with 
intermediate crimsons, purples and blues. The volumes and strengths of the CIICI3 
solns depend upon the Pb range it is desired to cover and are so chosen as to give 
the same general color progression from red to green for each range. Limiting the 
range increases accuracy at the expense of flexibility. The colors luoduced with 
standard amounts of Pb furnish by comparison the basis for a quantitative estima- 
tion. The volumes and concentrations of standard dithizone for various ranges are 
as follows; 


Pb R.1.NGES 

CONCKMFl^TtOM 

VOLUME 

CELL LENGTH 

pamtnQ('J.OO/ mfl 

mg/l 

CC 

iticAc* 

(>-.5 

4 

5 

2 

0-10 

4 

10 

2 

0 20 

8 

10 

1 

0-50 

8 

25 

1 

0-100 

10 

30 

1 

1 

0-200 

20 

30 

5 


22 Simple Color Matching 

Prepare 10 standards covering in equal steps the range in which it is desired to 
work, as follows: Use a standard Pb soln, 13(a), in 1% HXOs, 1 cc of which equals 
some simple fraction or multiple of I7 (jf Pb, Measure the amounts representing 
the various steps of the range into a series of .separatory funnels and add the pure 
1% HXOj so that the total volume is always oO cc. (It is best to add the .aciil first 
so that the Pb soln is not lost around the stopC(jck of the separatory funnel.) Adil 
10 cc of the ammonia-cyanide mixture, 13(j), and mix. The resultant pH will he 
.about 9.7. Immediately add the appropriate volume of standard dithizone, which 
depends upon the range to be covered (see table), and shake for 1 min. Draw off 
the lower layers into a series of tubes or vials and arrange in order. For the lower 
ranges, i.e., up to 2O7 of Pb, matching is best done by viewing longitudinally in 
small flat-bottomed vials about 3 in. in length. For the higlicr ranges, i.c. O SOy and 
above, depth of column must be reduced, and matching i.s conveniently done by 
viewing transversely in Nessler tubes of matched diameter. Tliis is because even 
pure dithizone solns appear red by transmitted light if the concentration or depth of 
column is increased beyond a certain point. If standards are kept covered when 
not in use they should last at least one day. 
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For the determination, place an aliquot part, or the entire amount, of the 50 cc 
of 1% HNO3 in which the Fb has been isolated, 15(b) and 17(b), in a separatory 
funnel, and if an aliquot is taken, make to 50 cc with the 1% ITNOj. Add 10 cc of 
the ammonia-cyanide mixture., 13(j), and mix. Immediately develop the color by 
shaking 1 min. with the proper amount of the standard dithizone. Draw off the 
lower layer into a tube or vial similar to those used with the standards and compare. 
If the range is exceeded, repeat with a smaller aliquot, or re-extract with excess 
dithizone before draining from the funnel, isolate once more in 50 cc of the UNO* 
reagent, and compare with standards covering a higher range. Interpolation between 
steps of the various ranges should be easily made. If an aliquot of the 50 cc of the 
1 % HNO3 in which the Pb had been isolated i.s taken, subtract only a corresponding 
amount of the total reagent blank from the amount of Pb found. 

23 Photometric Methods 

Transmission spectra of the two components in the dithizone extract, viz., the 
Pb dithizone complex and the free dithizone, show a marked difference in their 
ability to absorb light of wave length 510 mju, the red Pb complex absorbing strongly 
and the free green dithizone Lransiiiitting freely. Thus, when the absorption of light 
of this wave length by the individuals of a standard color series, measured thru a 
suitable cell-length, is deternuned photometrically, a practically linear relation is 
observed between amounts of Pb and absorption coefficient (-log transmittancy). 
In making the measurements a spectrophotometer set at this wave length, or a 
simple photometer inpiipped with a l)lue-green filter centered at about this point 
can be used. The dithizone solns are standardized once only with known amounts 
of Pb, and the labor of repeated standard preparation is necessary only w'hen 
changes caused by evaporation or oxidation occur. 

Standardize dithizone solns as follows: Using the appropriate volumes and con- 
centrations specified for tlie various ranges (see above), prepare standard colors as 
in the visual'color-matching procedure, saturating the standard Pb and the 1% 
HNO.1 solns with clear CllUb before use, and thereby eliminating differences in 
volume of extract between standards and unknowns. (It is unnecessary to prepare 
the full 10 steps of the range, and the number of standards may be limited to 5 or 6.) 
Develop the colors by shaking 1 min., allow to stand a few minutes, and filter the 
extract tlini sjiecially jirejiared filter papers (9 cm quantitative filter^ soaked over- 
night in 1% 11 MO, and wasiicd with large volumes of HjO an a Buchner funnel to 
remove the sliglit trace of acid and/or Pb usually present on even the best grades 
of filter paper. Fitting a 9 cm filter directly into the mouth of a 50 cc low-form 
Pyrex beaker eliminates the use of a funnel in the filtering operation). Fill a cell of 
proper length with the filtered extract for the various Pb ranges, as indicated in 
the table given previously, using the specified volume and strength of standard 
dithizone soliis, Ifsc cells of all glass (preferably Pyrex) construction with plane 
parallel fused emls. 

Determine nhsorption cocfficienh for the various steps of the range and plot 
against the quantity of Pi) to obtain a standardization curve for the particular lot 
of dithizone. Preferably calculate tlie slope of the line connecting the standard 
points and the intercept of the line on the Pb axis, making the calculation as follows: 
Take the equation of the line connecting the standard points as A = a-f 6F, and let 
x = y of Pb and F = absorption coefficient; a then represents the intercept on 
the Pb axis (in this case a negative value) and h represents the tangent or slope of 


385 



XXIX 


METHODS OP ANALYSIS 


the lijie. Calculate a and b from the followirig formula, where n=No. of observa- 
tions, including that for 0 lead, and S represents merely “the sum,’’ 










and a = — 



Then the procedure for determining the Pb content of an unknown falling within 
the range is to determine the value of the absorption coefficient, using the standard 
dithizone and the same cell with which the standard readings were made, and 
calculate the Pb from the equation, X = a+iiP, using the values of a and b as 
determined above. If protected from evaporation and direct sunliglit the standard 
factors of dithizone solas should not change apprecia])ly for at least a month. 

For the actual determination proceed as directed in 22, except to filter the ex- 
tract before photometric measurement thru the prepared filter papers. Determine 
the absorption coefficient, using the staiid.ardized dithizone with the same cell used 
in making the standard curve, and read the amount of Pb from this standard curve 
or calculate from the factor of the dithizone soln. If the range is exceeded, repeat 
with a smaller aliquot, or re-extract and repeat with dithizone standardized to 
cover a higher range. If an aliquot of the 50 cc of 1% IIXO3 in w'hich the Pb has 
been isolated is taken, suljtract only a corresponding amount of the total reagent 
blank from the amount of Pb found. 


24 INTERFEUENCES 

(a) In the elect rolyiic method . — If present in excessive quantities in the final deter- 
mination, Cl, PoOa, As, Se, Te, Hg, and Bi (>5 mg) will prevent the complete de- 
position of Pb, and Bi (<2 mg), Sn, Sb, Mn, and Ag will contaminate the deposit. 
Certain reducing agents, such as nitrites, likewise prevent complete deposition 
of the Pb. Tlie general method leading up to the fiiml determination of Pb by 
the electrolytic procedure has l)een ,so formulated that all interferences except those 
of Bn and Ri are eliminated. A.s much as 3 mg of Cl, 20 mg of .\s2O3, 30 mg of P20s, 
and 50 mg of Ilg will not interfere in the final electrolysis, and if there is suspicion 
that greater quantities are present in the sulfide mixture, 17 , they can be eliminated 
by a dithizone extraction. Tin becomes a problem in the aiialysis of canned foods, 
and in amounts above 150 p.p.m. it will usually l)c found in the ash as insoluble 
KnOj. It appears as a milky white suspension in the ash soln. 

(b) In the colorimetric dithizone method . — These arc limited by the use of KCN to 
stannous Bn, Bi, and TI. The rarity of TI makes its interference unlikely in ordinary 
work, and no method of removal is given. Procedures are given for the removal of 
Sn and Bi, 25 and 26 . Dithizone itself is destroyed by strong oxidizing agents, 
and the presence of free halogens and large amounts of ferric Fe may prove trouble- 
son>^ in the dithizone extraction. 

25 rp:moval of ti.v 

Proceed as directed for volatilization as SnBr4, (a) and (b), or for leaching the 
mixed sulfides with warm .sodium polysulfide, (c), when the sulfide method of isola- 
tion, 17 , has been used. 
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The volatilization procedure may be applied directly upon the acid soln of the 
ash as directed in (a) or after isolation of the Pb and any contaminating Sn accord- 
ing to the dithizone isolation or sulfide method, (b). Procedure (a) may not remove 
all traces of Sn when large amounts of other ash salts are present,- as the SriBr4 may 
be mechanically entrapped. However, the amount will be reduced to below that 
necessary to interfere with the final electrolytic determination of Pb. Accordingly, 

(a) is recommended as a preliminary step to a dithizone isolation of lead, 16, pre- 
paratory to an electrolytic determination, because the small amounts of Sn that may 
escape volatilization will be oxidized to the stannic form, which does not react with 
dithizone. 

Volatilization of Sn is complete when the metals have been previously isolated, 

(b) , and complete elimination of Sn is necessary if the more delicate dithizone 
method, 21 23, of the final determination (Pb<0.05 mg) is to be applied. Volatiliza- 
tion may also be apjdied when only small amounts of contaminating Sn are present. 

Procedure (c) is recommended for routine work by the electrolytic method on 
account of its speed, but as all traces of Sn may not be removed by this procedure, 
complete elimination by procedure (b) is necessary if very small quantities of Pb 
are being determined by the colorimetric dithizone method. 

(a) Volatilization as SnBrifrom the acid soln of the ash. — After a practically car- 
bon-free ash has been obtained, 14, add 15-20 cc of 40% redistilled HBr. If nitrates 
have been used as ash aids, cover the casserole with a watch-glass and heat on the 
steam bath until Br evolution diminishes, then rinse off the watch-glass with HoO 
and bring to a boil to complete expulsion of Br. (This proce.ss destroys undecom- 
posed nitrates.) Add more HBr, if necessary, to dissolve the ash and examine the 
solns for clearness. If there i.s an insoluble residue of SnO^, add 50 -100 mg of pure 
Bn, 13(k), to the simmering HBr soln of the ash and allow it to dissolve. (Metallic 
Bn seems to be the best agent to bring ignited SnOs into soln. To be effective the 
ash soln must be in the reduced state. Ferric oxide sometimes becomes "noble” 
during ashing and dissolves with difficulty, i)ut treatment with metallic Sn also 
brings it into soln. Treatment with Sn will he necessary only with the contents of 
badly corroded cans.) When soln of the ash is free from milkiness due to Sn03,add 
20 cc of 00% IICIO4 (double distilled preferred), oxidize the mixture with a few cc 
of the HBr-Hra mixture, 13(1), and then add a fui'ther 15 cc of the reagent, portion- 
wise, while the soln is evaporated to incipient fumes of IICIO4 (approximately 150") 
on a hot plate. Repeat with another 10 cc portion of the HBr-Brj mixture if more 
than 100 mg of tin has been used to dissolve the ash. (Hot HCIO4 helps keep the 
ash salts in soln and with Hr holds the Bn in the volatile SnBr4 combination.) When 
the Sn, HBr, and Br have been completely volatilized, cool, and take up with hot 
H2O (200 cc may be necessary if much K('l04 is present). Filter off any small 
(iiiantities of dehydrated silica, extract the residue twice with 5 cc of the hot HCT 
citric acid reagent, I3(ii), and hot IRO, treat the dish with NaOII as directed in 14, 
and isolate the Pb by dithizone extraction as directed under 16, or by siilfi<ie seiuira- 
tion, 17, finally determining Pb as directed under 16(a), 17(a), lb, and 20. 

(b) Volatilization as Bn/iri after isolation of Pb. — (Recommended for the com- 
plete elimination of Sn remaining from volatilization as Snl3r4, (a), or present as 
traces in the original sample; necessary when very small quantities of Pb are being 
determined colorimetrically.) 

Isolate the Pli, along with the .small amounts of interfering Sn, by means of a 
dithizone extraction, 16, or by a sulfide precipitation, 17. If a dithizone extraction 


387 



XXIX 


METHODS OF ANALYSIS 


is used, extract the metals from the dithlzone extract with one 50 cc portion of 
HCl (1-f 10). Rinse the acid soln into a casserole and evaporate to dryness on the 
steam bath. Treat with 10 15 ce of the HBr-Brs mixture, 13(1), added a few cc at 
a time, and evaporate to dryness after each addition. Take up the Sn-free residue 
with a few cc of HNO3 and heat to expel Br. When the soln is water-white transfer 
to a separatory funnel with 75-100 cc of HjO and isolate the Pb as directed under 
16, proceeding, 16(b), to the colorimetric dithizone determination, 22 and 23. If 
the quantity of Pb is over 0.05 mg, the Pb may be determined electrolytically, 
16(a), 19, and 20. 

If a sulfide separation is used, 17, dissolve the mixed sulfides from the filter with 
5 cc of hot HNOs, rinse thru into the original flask with hot HjO, stopper, shake to 
dissolve any remaining sulfides, and then transfer the soln to a casserole. Evaporate 
to dryness and volatilize Sn with HBr-Brs as directed under (b). 

(c) With sodium polysulfide . — (Recommended for routine work on canned foods 
by the electrolytic method when Pb >0.05 mg.) 

Isolate the Pb by means of a sulfide precipitation, 17, filter, and wash the flask 
and filter with 3-6 portions of about 5 cc each of the warm sodium polysulfide, 
13(m). (Sn, As, and Sb sulfides are dissolved; CiiS may be partially dissolved and 
reprecipitated in the filtrate.) Wash the flask and residual sulfides several times 
with 3% Na■:SO^ adjusted to pll 3. 0-3. 4 and saturated with H2S, and proceed as 
directed under 17(a), beginning ‘Missolve the sulfides with 5 cc of hot HNOj,” 
and continuing directly to the electrolytic determination, 19 and 20. (When the ash 
contains much Sn, as when metallic has been adiled to dissolve insoluble metallic 
oxides, the sulfide precipitate will be so bulky as to be difficult to handle, and it will 
be necessary I0 use the volat ilizalion procedure, (a).) 

26 DKTKCTION AND UK MOV A I. OF UISMUTK 

(a) From the acid soln of the ash . — To the acid soln of the ash, 14, before or after 
volatilization of 8riBr4, 25(a), in a separatory funnel, add 2 cc of 10% Kl soln. 
Shake with 35-50 oc of ethyl acetate washed previously with 10 cc of H2O, and 
allow the layers to separate. A colorless layer confirms the absence of Bi. If the 
upper layer is colored yellow to orange-red, draw it off into a 100 cc beaker and 
evaporate to dryness on the steam bath. Moisten the interior of the beaker with 
3-4 drops of UNO.? and again evaporate to dryness to volatilize any 1. (lomjdete 
the evaporation by waving the beaker over a low flame. Add 1-2 drops of IINOj 
and about 1 ce of H2O and heat to bring any residue into soln; if colored yellow, 
repeat the evaporation with HNO.i and add, if necessary, a small crystal of KCIO3. 
When a colorless soln containing 1 2 drops of 11X03 in 1 cc of lUO is obtained, pour 
it into a small test tube. Add an equal volume of a 10% soln of thiourea, rinsing out 
the beaker with the same soln before adding it to the test tube. A yellow color 
indicates Bi. (As little as 0.003-0.005 mg of Bi in ilie original ash soln will show a 
yellow color by comparison against a negative test. Larger quantilie.s yield de- 
cidedly yellow' colors.) If the Bi test is positive, make 3 or more extractions with 
w'aJbed ethyl acetate (3.5 50 cc) accor<ling to the yellow shade of the Bi test. Re- 
move residual ethyl acetate by extracting twice, each time using 10 cc of CHCij* 
Then determine the Rb electrolytically, 19 20, either by ditliizoiie extraction, 16, 
16(a), or after sulfide separation, 17. (For assurance that Bi has been sufficiently 
removed, apply test (d).) If a colorimetric determination is necessary (Pb<0.05 
mg), extract the Pb and any residual Bi from the soln after the ethyl acetate ex- 
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traction with dithizone as directetl under 1(5, and proceed as directed under (b). 

(b) Btj dithizone at pll 2.0 after preliminary dithizone extraction at pll 8-11 .* — 
(This procedure completely removes Bi and stannous Sn.) 

Extract the metals from the CfICU dithizone extract with 50 cc of 1% HNOsas 
directed in 16(b). Adjust the acid extract to pH 2.0 (metacresol purple indicator) 
with 5% Nll^Oil and shake vigorously for about 1 min. with 10 cc of a CHCh soln 
of dithizone containing 200-250 mg per liter. Allow the layers to separate, and if 
the CHCU extract is red, draw it off and extract with another 10 cc portion of the 
dithizone soln. If shades of green or purple are visible, indicating an excess of dithi- 
zone, draw off the CHCh extract and extract the aqueous phase once more with 
5 cc of the dithizone soln (the shaking should be prolonged, 3-5 min., to insure the 
complete extraction of Bi). Continue the extractions until the dithizone extract 
remains a pure green. Adjust the pH of the aqueous soln to 8.5 with NH^OH, add 
KCN, and extract with dithizone as directed in 16. Continue the colorimetric deter- 
mination of Pb as directed in 16(b), 22, and 23, or electrolytically, 16(a), 19, and 
20 when the Pb>0.05 mg. 

(c) From acid soln of sulfides . — Isolate the Pb by means of a sulfide precipitation, 
17, and dissolve the mixed sulfides with hot HNOs- Wash, and then evaporate the 
soln to dryness in a porcelain dish and treat with small portions of HBr-Brz mix- 
ture, 13(1), on the steam bath to volatilize possible Sn and to convert the metals to 
the bromides. (If a Bi compound is being analyzed 1 g may be dissolved in HBr 
<lirectly.) Evaporate to dryness and place in a temp. -controlled muffle at 300 325° 
for 5 min. As and Sb bromides will be volatilized, and the Bi bromide will volatilize 
in the form of dense orange fumes. At the end of 5 min., or when fumes are no longer 
evolved, remove the dish, cool, and take up any insoluble residue with hot HNOj. 
Evaporate to dryness and again treat with small portions of the HBr-Brj, evaporate 
to dryness, and heat for an additional 5 min. period at 300-325°. Remove the dish, 
cool, and take up the residue in hot HNOj. Isolate the Pb by means of a dithizone 
extraction, 16, continue as directed under 16(a), and determine Pb electrolytically, 
19 20. If the sensitive colorimetric dithizone procedure is to be applied, residual 
traces of Bi must be eliminated by procedure (b). 

(d) After PW 2 titration in electrolytic 7ncthod . — Add to the soln from 20 in the 
titrating vial 0.25 g of solid KI and about 0.5 cc of IlCl. Shake, and add only suffi- 
cient Na 28203 soln to discharge any starcli iodide color. A pure yellow color shows 
the presence of the double bismuth iodide. (Under the conditions of the test, there 
is no interfering Cu, ferric iron, or Sb, and 0.005 mg of Bi will show the yellow color 
test.) If the test is positive, reject the Pb results and repeat the determination, giv- 
ing special attention to the removal of the Bi interference. 


STECIAL METUODS OF SAMTLE rKEPAR.VnON 

27 Solution in Acids 

(Applicable to chemicals soluble in II3O or acid, c.g., phosphates, sulfates, etc., 
and organic products of the type of tartrates and citrates.) 

Di.ssolve 5 100 g of sample in IICl in a 400 cc beaker, gaging the amount of 
sample according to its nature and the amount of Pb expected. \\ ith calcium phos- 
phates use 10 50 g. Dissolve in the smallest practicable volume of soln by warming 
and adding alternately small quantities of hot H*0 and HCl. Filter the soln with 
suction (fritted glass filter preferred) into a beaker or flask under a bell jar and 
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leach any residue with 10-25 cc of the hot HCl-citric acid, 13 (n), followed by 10- 
25 cc of hot 40% ammonium acetate. Rinse the beaker and filter with hot HjO and 
cool the soln. 

Proceed as directed under 16. If interference by precipitate formation occurs, 
reacidifv and isolate Pb by the sulfide precipitation, 17. If difficulty is experienced 
in obtaining a clear soln with calcium phosphates at pH 3.0-3. 4 (sulfide precipitate 
ma)’ be contaminated with excessive phosphates), redissolve the precipitate, add 
more citric acid soln, 13(d), readjust the pH, and reprecipitate the sulfides; or 
make one sulfide precipitation, dissolve the sulfides in hot HNOj, boil off H2S, and 
extract the Pb with dithizone, 16. Sometimes difficulty due to precipitate formation 
in 16 can be obviated by the use of a smaller sample for extraction and colorimetric 
determination. If Sn or Bi is suspected, remove by the methods described under 25 
and 26. Finally determine the isolated Pb elect rolytically, 19 and 20, or colon metri- 
cally, 22 and 23. 

28 Cowphit! Difjeation 

(Applicable to most food or biological products, except fats and oils, oily prod- 
ucts, etc.) 

Digest a representative sample in a Kjeldahl flask as directed under 3. Distil the 
arsenic if desired according to the tentative bromate method, 9. If the arsenic is 
not to be distilled, add 100 cc of H2O and sufficient HCl to the residue in the flask 
to dissolve any calcium sulfate that may be present. Filter on a fritted glass filter, 
pulverizing any insoluble residue with a flattened stirring rod (anhydrous silica or 
BaSOd- Dissolve any Pb sulfate in the flask and leach the residue on the filter with 
10-20 cc of the hot HCl-citric acid soln, 13(a), followed by 10-20 cc of hot 40% 
ammonium acetate solo. Finally rinse both flask and filter with hot II2O. Isolate 
the Pb by the dithizone, 16, or sulfide precipitation, 17, methods. (In general, the 
sulfide method is preferable especially when Ba or excessive C'a sulfates are present, 
as insoluble sulfates readily occlude Pb.) If Bi and So arc present, remove them 
as directed in 25 and 26. After isolation determine Pb according to the electrolytic, 
19 and 20, or colorimetric method, 22 and 23. 

29 Partial Digesition or “Muak’' 

(a) For or vegt'lables that can be peeled . — Weigh and peel a representative 
sample f 10-45 apples), including stem and calyx ends with the peels. Transfer the 
peels to one or more 2000 cc tared beakers, re-weigh, and record the weight of the 
peel. Add 75-200 cc of HXO3 to each of the beakers, according to the weight of 
peel therein, and warm carefully over a gauze or on a steam bath in a fume hood. 
Stew .slowly, while stirring, until initial foaming decreases. Oiver the beaker with 
a watch-glass and continue the heating until a smooth mixture results with little 
or no striiiginess and a greatly diminished evolution of oxules of nitrogen (15 45 
min. aecorfling to tlie amount of sample taken, (.'olloids fpectin) must be suffi- 
ciently destroyed to prevent emulsification in sub.scquent CHCI3 extractions). Di- 
lute with iIjO, cool, and transfer the contents of the one or more beakers to a 
1000 or 2000 cc volumetric flask. Make to the mark, mix well, and filter. Transfer 
100-250 cc of the filtrate to a short-stemmed separatory funnel, add the citric 
acid, 13 fd), equivalent to 5 g of citric acid, make amnnoniacal (the soln will darken 
materially), and proceed with the dithizone extraction as directed in 16. Determine 
the extracted Pb electrolytically, 16(a), 19, and 20. Correct for the volume occupied 
by the imsoluble matter of the peels by allowing 0.075 cc per g of peel. 
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(b) For 'products other than fruit and vegetable peels . — (For carbohydrate foods, 
fresh or canned small fruits or vegetables, jams, apple butter, etc. Sn is often 
present, while Bi is usually absent.) 

Weigh 100-200 g of well-mixed sample into a 1000-2000 cc beaker. To dry 
samples, add about an equal weight of H2O, add 50-150 cc of HNO3, and “mush” 
the mixture as directed in (a). (The duration of the mushing period and the quan- 
tity of HNO3 should be varied according to the product. Colloids, which induce 
emulsification in the dithizone extraction, should be destroyed so that a clear soln 
is obtained upon filtration.) Cool, transfer to a 500 cc flask, mix well, and filter. 
Transfer a 100-250 ce aliquot of the filtrate to a separatory funnel and proceed 
as directed in (a), concluding with an electrolytic determination. (Interference of 
Sn is generally negligible.) 

Rapid Method Restricted to Apples and Pears 

(Designed for the rapid determination of Ph sjiray residue on apj)Ies ani.1 pears. 
According to convention results should be expressed as grains per lb.; grains Ih, X 
143 = p.p.m.) 

30 imEl'AKATION OK HA.MFhE 

Weigh 10 or more apples or pears and pull or cut out the stems with a narrow- 
bladed knife so as to expose the junction of stem and fruit to the action of the 
solvent, cutting no more of the flesh than necessary. Trim off the sepals (the dried 
residue of the blossom) so that the solvents have a clear unimpeded entrance to and 
egress from the calyx cup. Allow the steins and sepals to fall into a large funnel 
inserted iji the neck of a 500 cc volumetric flask. (Xo harm results if the stems and 
sepals fall into the flask.) To 25 cc of the 30% XbiOH in a 600 ce beaker, add 175 cc 
of H2O and 25 cc of sodium oleate, 13 (0), and bring to a gentle boil. Have ready in a 
wash bottle 250 cc of hot HX'Oa (1 -(-49) or hot HCl (3'f-97). (HCl is preferred if 
As is to be determined later, HX'Os if the Pb is to be delermiiied electrolytically, 33.) 
Impale each fruit in turn upon a pointed glass rod and immerse in the alkaline soln, 
with an occasional rotation until the skin begins to check, then remove to the funnel 
and rinse with a stream of the hot acid, being careful to flu.sh out the stem and calyx 
ends thoroly, and to allow the rinse acid to flow over the stems and sepals in the 
funnel. When all the fruit has been thus treated, cool the alkaline soln and add it 
thru the funnel to the acid soln in the flask. Rinse the beaker and funnel with any 
remaining acid and with H2O, using the entire 250 cc of rinse acid. Cool and make to 
volume. In a 200 cc Erlenmeyer flask place 10 cc of HNO3 or HCl to conform to 
the kind of acid used in rinsing. Thoroly mix the contents of the flask and immedi- 
ately add 100 cc to the acid in the flask while swirling vigorously. Filter on a rapid 
filter. If the first portion of the filtrate is cloudy, return it to the filter until a clear 
filtrate is obtained. Determine PI) as directed in 31 or 32, or electrolytically, in 
which case use 25 cc of acid and 250 cc of wash soln and proceed as directed under 
33. 


31 DETBHMIXATION WITH NESSLEU TUBES 

(At least 15 tulies matched for uniformity in color and diaimter are necessary.) 
(a) Standards . — Introduce into each of two I liter volumetric flasks 47.5 cc of 
30% NaOH. When HNOj has been use<i in rinsing ami acidification, 30, add 100 cc 
of HNO3 to each flask. When IK'l has been used, add 104.6 cc of H(3 to eacli flask. 
To one of the flasks add the stock reagent, 13(a), equivalent to 7.27 mg of Pb. 
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Mark this flask “standard” and the other “blank.” Dilute both solns to volume at 
room temp, and mix. These two solns contain the reagents as they occur in. an 
acidified and filtered sample soln. The “standard” is equivalent in Pb content to 
an acidified soln from a sample of 1400 g carrying a Pb load (removable by the 
“stripping” procedure) of 0.020 grain/lb. By a combination of the two solus in 
suitable proportions the equivalent of any Pb load from 0 to 0.020 grain/lb. may 
be obtained. 

The standard tubes may be made up in intervals corresponding to 0.002 grain/Ib,, 
and then interpolation to 0.001 grain/lb. is possible. The following table gives the 
quantities of “Standard” and “Blank” to be added to the Nessler tubes for each 
interval. They are conveniently measured into the tube by means of burets. 


aRAIx/LB. 

STiXDAKD 

BLANK 


CC 

CC 

0.000 

0.0 

20.0 

0.002 

2.0 

18.0 

0.004 

4.0 

16.0 

0.006 

6.0 

14.0 

O.OOS 

8.0 

12.0 

0.010 

10.0 

10.0 

0.012 

12.0 

8.0 

0.014 

14.0 

6.0 

0.016 

16.0 

4.0 

O.OIS 

18.0 

2.0 

0.020 

20.0 

0.0 


Then add to each tube 10 cc of the ammonia citric acid KCN soln, 13 (p), followed 
by 20 cc of standard dithizone soln (20 mg of purified dithizoiie dissolved in 1 liter 
of CHCIj and preserved in ^ dispensing apparatus to prevent evaporation). Shake 
vigorously for 1 min. and allow the layers to separate. The pFT of the aqueous phase 
should be about 9.4 regardless of whether IICl or IINOj is used in rinsing and 
acidification. Stopper each standard tube securely with a new cork stopper. It is 
unnecessary to make up the entire scries of standards if only a portion of the range, 
for example, 0.010-0.020 grain; lb., is of quantitative interest. 

(b) Comparison. — Transfer 20 cc portions of the filtrate from 30 to each of three 
Nessler tubes. First add 10 co of the ainmonia-citric-acid-KC'N, 13(p), to each tube; 
to one tube add 20 cc of standard dithizone soln (see standards) and to the other 
two tubes 20 cc of clear CHCh. Shake the tubes vigorously for 1 min. and allow the 
layers to separate. With a tube of clear CllCb backing the .sample tube (containing 
the dithizone) and one sample tube containing CHCb backing each of two standard 
tubes, compare the color in the lower layer of the sample with that of the standards, 
looking thru the tubes at right angles to their lengths toward a strong diffused light. 
(A comparator box similar to the boxes used in colorimetric p!I measurements but 
of larger size will be found convenient.) When working with apple “strip solns,” 
a slight turbidity is produced in the sample tube, which slightly changes the color 
observed. To compen.sate for this effect, introduce the same turbidity in the field 
of view of the standard tubes made up exactly as in the sample, except that CHCU 
is substituted for the dithizone soln. 

If the range is exceeded, i.e., if the color produced by the sample is redder than 
the 0.020 grain standard, repeat with a smaller aliquot of the filtrate, making up to 
20 cc with the “blank” soln. If, for example, a 10 cc aliquot is taken, the indicated 
reading must be doubled. After a match has been obtained, calculate the result to 
the basis of a 20 cc aliquot and a 1400 g sample. 
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32 DETERMINATION WITH PHOTOMETER 

This procedure leads itself readily to photometric methods of measuring the 
"mixed color" (see 23). Changes in 31 are introduced here to prevent the formation 
of colors too dense for measurement. Standards contain half the amount of Pb, and 
the concentration of the dithizone eoln is also halved. Use 10 cc instead of 20 cc 
aliquots of the acidified wash soln, 30. 

(a) Slandards.—Measmc the following proportions of "standard” and “blank” 
solns, 31, into separatory funnels'. 

Grain/lb. 0 O.OOo 0.010 0.015 0.020 

Standard cc 0 2.5 5.0 7.5 10 

Blank cc 20 17.5 15.0 12.5 10 

Add 10 cc of the ammonia-citric acid-KCN soln, 13 (p), and immediately develop 
the colors by shaking 1 min. with 20 cc of pure dithizone soln of 10-12 mg/Iiter 
strength. Allow to stand a few minutes to cool, filter the GHCU layers thru specially 
washed filter papers, 23, and fill into a one-half inch cell. Determine absorption 
coefficients and plot against grain/lb. of Pb to obtain a standard curve. 

(b) Coynparison . — -Place an appropriate sized alicpiot of the acidified strip soln 
in a .separatory funnel and make up to 20 cc with the "blank” .soln. Add 10 cc of 
the ammonia reagent, 13(p), and shake out with 20 cc of the standard dithizone soln 
(10-12 mg/litcr). Allow to stand a few minutes to cool (considerable heat is de- 
veloped in the neutralization of the acid), filter, and read as directed above. Deter- 
mine the quantity of Pb from the standard curve as prepared in (a) and calculate 
to the basis of a 10 cc aliquot and 1400 g sample. 

33 ELECTROLYTIC DETERMINATION OF LEAD IN APPLE FILTRATE 

The principal interferences are chlorides and Mn. Bi and Sn are not expected 
in spray residue. Chlorides can be avoided by using HNOj for rinsing and acidifica- 
tion. Test for Mn in 10 cc of the acid filtrate obtained, 30, as follows: Add 5 cc of 
S5% siriipy H3PO4 and about 0.2 g of potassium periodate and boil gently. Evapo- 
rate to a sirupy consistency, adding a little more periodate, if necessary, to decom- 
pose organic matter. Cool, and dilute with a few cc of H2O. The pink color of per- 
manganate ion appears if as little as 0.001 mg of Mn is present. If HCI has been 
used in rinsing and acidification, boil ofT tlie bulk of the HCI with the sirupy HsP04 
before adding the periodate. If Mn is absent, neutralize 200 cc of the acid filtrate 
(HCI free) in a 250 cc beaker with NH4OH, add 2 cc of fresh HNO3, and electrolyze 
as directed in 19, using the 2 in. electrode and 0.3-0. 4 g of K2Cr207. If Mn and/or 
chlorides (from use of HCI, 30) are present, transfer 200 cc of filtrate to a separatory 
funnel, add the equivalent of 5 g of citric acid, 13(d), make slightly ammoniacal, 
add 5 cc of the 10% KCN soln and extract with dithizone as directed in 16, treating 
the extract as directed in 16(a), and finally determine the Pb electrolytically as 
directed iji 19 and 20. 

MERCURYs— TENTATIVE 
(Applicable to leafy vegetables.) 

34 REAGENTS 

(a) Hydrogen peroxide.' -SQ% electrolytic soln. 

(b) iSMndard mercury solns. — (t) Dissolve 500 mg of pure metal in HNOs and 
dilute to 1 liter; (2) dilute 10 cc of soln (1) to 500 cc with H2O containing a few cc 
of HNOi (1 cc=0.01 mg of Hg). 
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(c) Diphenylihiocarhazone (dithizone). — Purify as directed under 13(e). Prepare 
as follows: 

(1) Strong soln . — Dissolve 60 mg of dithizone in CCI4 and dilute to 100 cc. 

(2) Extraction soln , — Measure 20 cc of soln (1) into a 200 cc volumetric flask and 
dilute to the mark with CHCI3. 

(3) Titrating soln . — -Measure 2.5 cc of soln (1) into a 100 cc volumetric flask and 
dilute to the mark with CCI4. 

Preserve the solns in dark bottles and overlay with H2S04(1 +99). 

35 APPARATUS 

Digestion flask and internal co7idenser. — U.se a 2 liter Florence flask of resistant 
glass, preferably Pyrex, fitted with an internal condenser, a glass cylinder about 
9,5 in. long and about 1.5 in. in diameter, enlarged at the top to retain it in the 
neck of the flask. The bottom is cone-shaped and closed. The top may be closed 
with a two-holed stopper or the entire condenser may be made of glass. The con- 
denser has an inlet tube extending nearly to the bottom, and an outlet tube. The 
condenser should fit closely inside the neck of the Florence flask and should extend 
about 1.5 in. into the body of the flask. The dimensions of the condenser will vary 
slightly according to the dimensions of the flask. 

36 DETEUMIN.\TION' 

Introduce into the digestion flask a suitable weighed portion of the finely chopped 
and well-mixed sample (100-150 g in the case of lettuce). Add 50 cc of HNO3 and 
30U cc of H2O. Place the internal condenser in the flask and start the H^O flowing 
thru it. 

Heat the flask over a low flame or on a hot plate until the contents boil, and 
reflux for 25 min. (In all refluxing the boiling must be gentle, so that the top half 
of the neck of the flask remains cool.) Remove the flask from the flame and cool 
nearly to room temp. Rinse the condenser with 11:0 from a wash bottle and remove 
it. Filter the contents quite rapidly thru a large Buchner funnel (11-18.5 cm in 
diameter). Wash the flask with about 30 cc of H^O, decanting it onto the filter when 
nearly all the soln ha.s passed thru. Repeat the w’ashing once or twice. Return the 
liquid to the digestion flask, washing it in with a small amount of H:0 from a wash 
bottle. 

Digest as follows: Add 10-12 g of KMnOj. f.Add in several portions to cabbage or 
other foods that react vigorously or froth unduly; to lettuce extract it may be added 
at once.) Replace the internal condenser, and when the reaction subsides heat gently 
to boiling and reflux 10-15 min. Cool the flask in a bath, raise the condenser, and 
add 8-10 g of KMn04 as fast as the vigor of the reaction will permit. 

Replace the condenser and again heat the sola to boiling for 15 min. unless it 
clears in less time. Cool, add 5 or 6 g of KMn04 and about 20 cc of HNO3, and re- 
peat the digestion and refluxing for about 15 min. Continue the cooling, the addition 
of KMn04, and subsequent heating until the purple color of KMn04 [)ersists when 
the liquid is heated almost to boiling. Agitate the soln during the heating to avoid 
bumping caused by an accumulation of black oxides of Mn. If further additions of 
KMnOi are required, add more HNO3. lAil organic matter should l)c completely 
oxidized, otherwi.se nitrites, formed by the action of HXOj on organic matter, will 
decompose the dithizone, as shown by loss of color, and thus prevent complete ex- 
traction of mercury. The oxidation is complete when the supernatant liquid apfiears 
white after the MnOj has settled out.) 
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(lool, and add H2O2 a little at a time, while shaking with a rotary motion, until 
the precipitated oxides of manganese dissolve completely. Re careful to insure an 
excess of HNO3, otherwise a large quantity of peroxide may be used to no advantage. 
Replace the condenser and heat to boiling 5 min. to remove free oxygen and to dis- 
solve refractory particles, then cool again. Add 0.5 g of crystallized hydroxylamine 
sulfate or chloride. (The soln should have the strength of at least 1% HNO3,) 

If antimony is present, add 15 cc of a 10% soln of tartaric acid, previously ex- 
tracted several times with the dithizone soln to free it from mercury. 

To concentrate the mercury and remove interfering substances, extract the liquid 
in portions not to exceed 425 cc as follows; 

Transfer the soln to a 600 cc separatory funnel and extract with 20 cc portions of 
dithizone soln (2) as long as an orange yellow color persists. (The mercury-dithizone 
complex is a bright orange yellow color and should not be confused with the slow 
fading of the dithizone reagent to a greenish yellow color due to oxidation.) For 
each extraction shake vigorously 20-30 seconds. When a green or reddish colored 
extract is obtained, extract once more with 15 cc of the extraction soln. (The red 
is generally due to the presence of Cu and continuing the extraction further will only 
remove more Cu.) Draw off the extract each time into a 250 cc separatory funnel or 
a 250 cc beaker, depending on whether method 1 or 2 is to be used for the oxidation 
to follow. 

If copper is present in large quantities, treat the extract as directed under fie?noml 
0/ Copper. Small quantities need not be removed. 

Oxidize the combined dithizone extracts by either of the following methods: 

(1) Warm the oxidizing mixture composed of 50 cc of H2O, 10 cc of 5% KMn04 
soln and 2 cc of H2SOi (I -j-l) to SO-SS'^ and add to the extracts in the seimratory 
funnel. Shake gently at first, release pressure, then shake vigorously for several 
minutes. 

(2) Evaporate the extracts to di’vjiess on the steam hath. Add the oxidizing mix- 
ture <Iescribe{l in (1) anti sdlow to remain on the steam hath for 15 20 min. 

Add sufficient 10% NaN02 soln dropwise to clear the soln obtained under (1) or 
(2). Shake or stir after tlie addition of a few dro])S. Discard the CHCI3 portion in 
(1). To the clear soln add 0.75 g of hydroxylamine sulfate or chloride and warm 
to 00". Add KMnOi to the standard and clear it in the same manner later, before 
making the titration. 

Add H(d if Ag is present or suspected. If only a minute quantity of Hg is ex- 
pected, use the entire solii for the determination and titrate as directed later. When 
larger quantities of Hg (0.1-3 mg) are expected, transfer the liquid to a suitable 
volumetric flask and determine the Hg in an aliquot as directed below. 

iSmoil uani if ies.- -Be fore beginning the titration, fill two burets with the dithi- 
zoiie titrating soln and place 10 cc of the standard Hg soln in another .separatory 
funnel. Dilute to about 50 ce with H2O and add 2 cc of II2SO4 (1+1) and 10 cc of 
5% KMn04 soil), and clear as previnnsly directed. .\dd to the sample from buret 
No. 1, 5 cc of dithizone soln, close the funnel, shake a few times, then invert and 
open the stopcock to relieve the [iressnre. Close the funnel and shake vigorously 
for 10 secomls. Allow the funnel to stand until the liquids separate. (By giving the 
funnel a rotary whirl, drops collecting on the sides will usually go to the bottom.) 

To the .standard soln in the other funnel, add 1 ce of dithizone soln from buret 
No. 2, shake, and allow to stand until the layers separate. Compare the colors of 
the ecu layers in the two funnels. (The Hg compound should be bright orange 
yellow', easily recognized after it little experience.) Continue adding dithizone soln 
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in 4 cc portions (read the buret each time), shaking as above after each addition, 
and after each second a(Mition drawing off the CCU layer into another separatory 
funnel, until on separation the yellow color due to Hg no longer appears but is 
supplanted by another color, generally the green of the reagent, indicating the end 
point is past. Then add sufficient standard Hg soln {usually 1 cc containing 0.01 
mg is sufficient) to the titrated sample to supply an excess of Hg, shake, and draw 
off the extract. Titrate the excess of Hg with the dithizone soln, adding a few tenths 
cc of the soln at a time. Subtract the Hg added. Titrate the standard in the same 
manner and calculate the Hg in the sample. 

Large quanlities . — Titrate large quantities similarly, using a new aliquot for the 
exact titration. 

Removal of copper. — Ordinarily, Cu does not interfere. If necessary remove as 
follows: Shake the combined dithizone extracts with 60 cc of an HjO soln contain- 
ing a few drops of H2SO4 (1-1-1), a few crystals of KI, and a few drops of a 5% soln 
of Na arsenite to prevent the liberation of free 1. Shake vigorously about 20 seconds 
and carefully draw off the dithizone layer. Wash the aqueous soln with a little 
CHClj. (This treatment leaves the Cu in the extract and transfers the Hg to the 
aqueous phase.) 

Use either of the two following procedure.^ for the extraction: (1) Make the soln 
amnioniacal and extract with dithizone until the orange yellow compound no longer 
forma; (2) extract the mercury from the acid soln containing iodides by adding 2 cc 
of a 1% soln of Xa <iiethyl(iithiocarbainate and using several 10 cc portions of 
CHC1|. Then oxidize the extracts from (1) or (2) and titrate as previously directed. 

TIN 

37 pkefak.vtion of sample 

Digest a 50-100 g sample as directed under 3. 

38 Gravimetric Method^ — Tentative 

Add 200 cc of H2O to the digested sample and transfer to a 600 cc beaker. Rinse 
the Kjcldahl flask with 3 portions of boiling making a total volume of approxi- 
mately 400 cc. Cool, and add NH4OH until ju.st alkaline, then 5 cc of HCl or 5 cc of 
H2SO1 (1-1-3) for each 100 cc of soln. Place the beaker, covered, on a hot plate; 
heat to about 95^ and pass in a slow stream of HjS for an hour. Digest at 95° for 
an hour and allow to stand 30 min. lunger. 

Filter, and wash the precipitate of SniS alternately with 3 portions each of wash 
sola (100 cc of saturated NHh acetate soln, 50 cc of glacial acetic acid, and 850 cc 
of H2O) and hot HjO. Transfer the filter and precipitate to a 50 cc beaker, add 10- 
20 cc of NH4 polysulfide, heat to boiling, and filter. Repeat the digestion with Nli4 
polysulfide and the filtration twice, and then wash the filter with hot HjO. Acidify 
the combined filtrate and washings with acetic acid (1 -|-9), digest on a hot plate 
for an hour, allow to stand overnight, and filter thru a double 11 cm filter. Wash 
alternately with 2 portions each of the wash soln and hot IDO and dry thoroly in 
a weighed porcelain crucible. Ignite over a Bun.sen flame, very gently at first to 
burn off filter paper and to convert the sulfide to oxide; then partly cover the 
crucible and heat strongly over a large Bunsen or Meker burner. (SnS must be 
roasted gently to the oxide, which may be heated to a high temp, without loss by 
volatilization.) Weigh as SnO* and calculate to metallic tin, using the factor 0,7877. 
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VolumelTic Method^ — Tentative 

39 REAGENTS 

(a) Air-free wash soln. — Dissolve 20 g of NaHCOa in 2 liters of boiled II jO and 
add 40 cc of IICl. This soln should be freshly prepared. 

(b) Iodine. — 0.01 N. Standardize the soln frequently against (c), adding an as- 
bestos mat and proceeding as described under 40, omitting the precipitation with 
HzS and the boiling with HCl and KClOj. The quantity of Sn in the soln used for 
the standardization should equal approximately that contained in the sample 
under examination. 

(c) Standard tin soln. — Dissolve 1 g of Sn in about 500 cc of IICl and dilute to 
1 liter with H 2 O. 1 cc contains 1 rag of Sn. 

(d) Sheet aluminum. — About 30 gage, free from Sn. 

40 DETERMINATION 

Proceed as directed under 38 to “Digest at 95" for an hour and allow to stand 
30 min. longer." 

Filter thru asbestos in a Gooch crucible having a detachable bottom, using suc- 
tion. Wash the precipitate of SiiS a few times and then transfer the detachable bot- 
tom and asbestos pad to a 300 cc Erlenmeyer flask. Remove all traces of the pre- 
cipitate from the inside of the crucible by means of a jet of hot HaO and a rubber- 
tipped rod, using a minimum quantity of H 2 O for washing. 

Add to the flask 100 cc of HCI and 0.5 g of KClOs. Boil for approximately 15 
min., making about 4 more additions of smaller quantities of the KCIO 3 as Cl is 
boiled out of the soln. Wash the particles of KCIO 3 down from the neck of the flask 
with H 2 O and finally boil to remove Cl. Then add about 1 g of the sheet A1 to dispel 
the last traces of Cl. 

Fit a 2-hoied rubber stopper to the flask. Thru one of the holes pass a bulbed 
glass tube that reaches nearly to the surface of the liquid. Attach this tube to a 
large CO 2 generator thru a scrubber containing H 2 O. The CO 2 passes out of the 
flask thru a short, bulbed tube inserted in the second hole of the rubber stopper 
and terminating slightly below it. Connect this second glass tube by means of a 
rubber tube with another glass tube, approximately 10 in. long, which is immersed 
in a cylinder of H 2 O to a depth of approximately 8 in. This connection will act as 
a seal to restrain any strong flow of gUiS when Tiot desired and to permit a pressure 
in the flask. 

Raise the delivery tube nearly out of the H 3 O seal, thus allowing a rapid flow of 
CO 2 for a few minutes to dispel the air from the system. Then lower the delivery 
tube into the llaO seal, slightly raise the stopper, and quickly drop into the flask 
i -2 g of A1 foil, folded into a narrow bent strip to prevent breaking the flask. When 
the A1 has completely dissolved, raise the tube in the II 2 O seal, allowing the CO 2 
to pass thru rapidly; place the flask upon a hot plate and boil for a few min. Re- 
move the flask from the heat and cool with tap or ice H 2 O, continuing the flow of 
COj. Lower the delivery tube into the cjdinder, disconnect the flask, and, with a 
glass plug, close the rubber tube thru which the (JOi enters the flask. Wash the 
glass tubes, rubber stopper, and sides of the flask with the air-free wash soln; add 
starch indicator, VI, 3 (e), and titrate immediately with the 0.01 N I soln. 

If desired, the titration may be made by slightly raising the rubber stopper after 
cooling and adding an excess of the 0.01 N I soln. Then disconnect the flask; wash 


397 



XXIX 


METHODS OF ANALYSIS 


the tubes, rubber stopper, and sides of flask with the air-free wash soln; and titrate 
the excess of 1 with 0.01 A' NajSjOa. 

COPPERS 

41 PREPARATION OJ'' SAMPLE 

Digest a 50-100 g sample as directed under 3, or ash it as described under 14. 
The sample should contain a minimum of 1 mg of copper and 2 mg of Zn, if Zn 
also is to be determined. 

Volumetric Method — Tentative 

42 REACiENTS 

(a) IStandard copper soln. -Dissolve f)3.6 mg of pure metallic Cu in HNOs and 
evaporate to dryness on a steam bath. Add sufficient H2O and a few drops of acetic 
acid to dissolve the Cu(NOs)2 and again evaporate to dryness on a steam bath. 
Redissolve the Cu(N03)2 as above and make up to 1 liter. 

(b) Sodium thiosulfate solri . — Dissolve 24.82 g of Na2S203.5H!0 in 1 liter of 
COi-free H20 to make an approximate 0.1 N soln. Allow to stand, preferably for 
about 2 weeks. Prepare 0,005 or 0.01 A’ solns by <lilution of thi.s reagent with CO2- 
free HjO in the ratio of 1:20 or 1:10. Standardize daily against the standard Cu 
soln in the following manner: Place 20 cc of the standard Cu soln in a 100 cc Erlen- 
meyer flask, add an exce.ss of XH4OH, and continue as directed under 43, beginning 
with the words, '‘and boil gently to drive off excess ammonia." I cc of 0.01 N 
Na2S203 = 0.6357 mg of Cu. 

43 DETERM I\.\T10N 

Dissolve the ashed sample in IlCl and neutralize this soln, or neutralize the soln 
obtained by the wet digestion, with XH^OH. Add 5 cc of H2SO4, dilute the soln to 
200 cc, and boil for 1 mm. Then add cautiously 10 cc of a hot saturated soln of 
XajSiOj and continue the boiling for 5 min. (ll'ith larger quantities of Cu the pre- 
cipitate coagulates, and the liejuid becomes ])riictically clear. A few cc of 1% 
(XH4)2S04 soln may be added to hasten the coagulation.) Filter the precipitate 
and wash 6 times with hot H2O. Reserve the filtrate for the determination of Zn, 
if necessary. Fold the precipitate within tlie filter paper, i)lace in a small crucible, 
and ignite in an electric muffle at about 500® (a barely visible red heat). Treat the 
residue with 1 cc of HXO3 (2-1-5) and dry on the steam hath. Add 5 cc of H2O and 
again evaporate to dryness on the steam hath. Add 20 cc of H2O, an excess of 
NH4OH, and heat on the steam hath until Cu salts are dissolved. Transfer to a 100 
cc Erlenmeyer flask and boil gently to drive off excess ammonia. Make acid to 
litmus paper with acetic acid (1 -fil), add I cc in excess, boil the soln 1 min. and cool 
to room temp. Add 2 g of KI dissolved in enough H2O to make the final soln 50 cc, 
and titrate the free I immediately with 0.01 N or 0.005 N N^a28203 (according to the 
amount of Cu present, as shown by the degree of blue color in the ammoniacal soln) 
until the end point is nearly reached. Then add 2 cc of starch soln, VI, 3(e), and 
continue the titration dropwise to the same shade of whiteness obtained in titrating 
the standard. 

ZINC 

(fravimetric Meihod—Tenialive. 

44 KEAftENTS 

(a) Sodium or ammonium acetate soln . — Dissolve 50 g of the salt in Il2() and make 
up to 100 cc. 
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(b) Ferric chloride soln . — Dissolve 10 g of FeClj.OHaO in 100 cc of HiO, 

45 DETERMINATION 

Boil the filtrate containing the Zn obtained after filtering off the copper sulfide 
(43) to expel HjS and reduce the volume to 250-300 ec, add a drop of methyl orange 
indicator, 5 g of NH4CI, and make alkaline with NII4OH. Add IICl (1 +9) dropwisc 
to faintly acid reaction, then add 10-15 cc of the Na or NH4 acetate sola and pass 
in HzS until precipitation is complete. Allow the precipitate to settle, filter (a clear 
filtrate is necessary), and wash the precipitate twice with HsS water. Dissolve the 
precipitate on the filter with a little HCl (I +3), wash the filter with boil the 
combined filtrate and washings to expel HjS, cool, and add a distinct excess of Br 
water. Add 5 g of and then. NH4OH until the color of free Br disappears. 

Add HCI (1+3) dropwise until the Br color just reappears; then add 10-15 cc of 
the Na or NHi acetate soln and 0.5 cc of the FeCd^ soln, or enough to precipitate 
all the phosphates. Boil until all the iron is precipitated. Filter while hot and wash 
the precipitate with H2O containing a little Na acetate. Pass HiS into the combined 
filtrate and washings until all the ZnS, which should be pure white, is precipitated. 
Filter thru a weighed Gooch crucible, previously heated to constant weight, and 
wash with water containing a little NH4NO3. Dry the crucible and its contents 
in an oven, ignite at a bright red heat, cool, and weigh as ZnO. Calculate the weight 
of metallic Zn, using the factor 0.S034. 

46 MANGANESE— TENTATIVE 

Proceed according to either of the official methods for the determination of Mn 
given under XII. 

HKLKCTED REFERENCES 

I U. S. Dept. Agr. Bur. Chem. Circ., 102 (1912); J. Assoc. Official Agr. Chem., 7, 
48 (I92:i); 16, 398 (1033); 18, 189, 506 (1935); 19, 95 (1936). 

Assoc, Official .\gr. Chem., 16, 75 (1933); 17, 70, 202 (1934); 19, 95 (1936). 

3 Ibid., 17, 108 (1934); 18, 315 (1935); 19, 130 (1936). 

^ Ind. Eng. Chem. .Anal. Ed., 7, 285 (1935). 

^ J. Assoc. Official Agr. Chem., 18, 638 (1935). 

« ibid., 1 , 257 (1915). 

’ Original Communications, VIII Intern. Cong, Appl. Chem., 18, 35 (1912). 

8 J. Assoc. Official Agr. Chem., 13, 426 (1930). 
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1 PREPARATION OF SAMPLE— TENTATIVE 

Without delay, transfer all samples received in packages to glass-stoppered con- 
tainers or Mason jars and keep in a cool, dark place. Prepare the various samples 
for analysis as fallows: 

(a) Fresh shelled nuts . — Cut the nuts into small pieces and weigh the sample 
desired for analysis. Transfer the weighed sample to a mortar atid grind to a fine 
state of division with a pestle. In transferring the ground material from the mortar 
to the required flask, use a portion of the solvent to clean out the mortar. 

(b) Shredded or prepared coconut. — Transfer the weighed sample to a mortar and 
proceed as directed \inder (a). 

(c) Almond paste, kernel paste, pearud butter, etc. — Transfer the sample to a 
Mason jar or beaker about three times the size of the sample and mix carefully with 
a stiff-bladed spatula or knife. Almond paste nnd similar products containing added 
HA) mwsf be freed of rnoisture before analysis. 

MOISTtTRE 

2 Method I —Tentative 
Proceed as directed in XXVII, 3. 

3 Method II — Tentative 

Weigh 2 g of the product into a flat-bottomed dish. If necessary to secure a thin 
layer of the material, add a few cc of HjO, and mix thoroly. Dry at 70^' under a 
pressure not to exceed 100 mm of mercury until consecutive weighings made at 
intervals of 2 hours do not vary more than 3 mg. 

4 ASH— TENTATIVE 
Proceed as directed under XXVII, 8. 

5 CRUDE FIBER— TENTATIVE 

Determine crude fiber on the fat-frec material as directed under XXVII, 27. 

FAT, CONSTANTS OF PAT. AND PROTEIN 

6 Method 1 . — Tentative 

Weigh into a 200 cc volumetric flask 2-3 g of material. Add 100 cc of chloroform 
from a pipet, washing down the sample with a stream of chloroform. Stopper the 
flask and shake frequently during 30 min. Filter the soln thru an 11 cm fluted filter 
paper, ami as soon as 25 cc of the soln has been filtered, pipet out two 10 cc portions, 
using the same pipet. Transfer one aliquot to a weighed crystallizing dish, 50X35 
mm, and evaporate the solvent on a steam bath. Dry the dish and contents at 100® 
for 30 rain., cool, and weigh. Use the weight oljtalned for calculating the percentage 
of fat and the iodine number of the fat. Determine the refractive index of the dried 
residue. Transfer the cjther 10 cc portion to a glass-stoppered flask or bottle, add 30 
cc of Hanus soln, XXXI, 18 (a), and proceed as directed under XXXI, 18. Complete 
the filtration of the chloroform extract. Transfer the extracted residue to a Kjcldahl 
flask, wash the volumetric flask thoroly with boiling lIjO, and transfer the washings 
to the digestion flask. Determine N as directed under II, 25. N X6.25 =* protein. 
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7 Method 71. — Tentative 

Proceed as directed under XIX, 12, using a 300 cc Erlenmeyer receiving flask 
in place of the 150 cc flask. (A fritted Jena glass Buchner filter is more conven- 
ient than the Knorr extraction tube.) To facilitate filtration, mix an equal volume 
of filter cel with peanut butter. 

Determine constants of fat and protein as directed under 6. 

SUGAR AND SALT 

8 Method 1. — Tentative 

Extract approximately 10 g of the sample in an 8 oz nursing bottle with two 
100 cc portions of petroleum ether, in each case shaking for 5 min., centrifuging, 
and pouring olT the supernatant liquid. Warm the bottle to drive off the remaining 
solvent and transfer the dry residue to a 100 -150 cc separatory funnel. Complete 
the transfer with a mixture of 3 volumes of carbon tetrachloride and one volume of 
chloroform. Add more of the liquid and shake the mixture vigorously. Wash down 
the sides of the funnel, using a total quantity of 60 <S0 cc of the liquid. Stopper the 
funnel and allow to stand overnight. Remove the sugar and salt that have settled 
out by opening the stopcock quickly, and if necessary pull out the stopcock. Evapo- 
rate off the liquid on the steam bath or other warm place and dissolve the residue 
in hot H2O. Transfer the sole to a 100 cc volumetric flask with hot HiO, cool, make 
up to the mark, and mix. Filter thru a small, dry filter paper. Determine chlorides 
in a 20 cc aliquot by titration wnth .\gNO3, using dichrornate indicator. Determine 
reducing sugans before and after inversion as directed under XXXIV, 37. 

9 Method JJ. — Tentative 

Weigh 10 g of the material on a filter (with peanut butter thoroly mix 5 g of 
filter cel with the weighed charge) and extract with suction 10 successive times at 3 
min. intervals with 50 ce of petroleum ether (l).p. below 60°). (A fritted Jena glass 
Buchner filter is most convenient.) At the beginning of each extraction stir the 
soin well with a glass rod flattened at the end. After defatting, macerate well in a 
porcelain mortar and transfer the material with hot IRQ to a 2.50 cc Pyrex or similar 
volumetric flask. If frothing occurs, add a few drops of caprylic alcohol, breaking 
up the foam with a glass rod. Pa.ss hot ITiO thru the filter and add to the HjO in 
the flask until the total volume is about 200 cc. Dige.st in a vessel of boiling H2O 
for 15 min., cool under the ta]), and add about 5 cc of a saturated neutral Pb 
acetate soln. Make to the mark at room temp., shake well, transfer to a centrifuge 
bottle, and whirl at 2000 r.p.m. for 15 inin. Filter on an 18 j cm folded filter, re- 
jecting the first 25 cc of the filt rate. De-lead with potassium oxalate and again filter, 
rejecting the first 25 cc of the filtrate. Determine the reducing sugars before and after 
inversion and multiply by 0.95 to obtain the sucrose. Multiply the results obtained 
by 0.97 to correct for the volume occupied by the almond paste aud coconut. In the 
case of peanut butter, multiply by the factor 0.95 to correct for the volume occupied 
by the filter cei and peanut butter. Determine chlorides as directed under 8. 

10 DEXTROSE OR D-GLUCOSE— TENTATIVE 

Proceed as directed under 8 or 9 and XXXIV, 37. 

PEANUT BUTTER 

11 PRELIMINARY PROCEDURE-TENTATIVE 

Make a microscopical examination to detect the addition of starch or any off- 
grade material not identifiable chemically. 
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12 STARCH— TENTATIVE 

Weigh 4r-5 g of the sample by difference into an 8 oz nursing bottle and extract 
twice with 50 cc portions of petroleum ether, in each case shaking for 5 min. Wash 
down the sides of the bottle with petroleum ether, centrifuge, and pour off the 
solvent, disregarding opalescence. Warm the bottle to drive off the remaining sol- 
vent, and transfer the residue to a mortar and grind. Return the fine powder to the 
bottle with the aid of 100 cc of 10% NaCl soln. Shake the bottle for 15 min., wash 
dow'n the sides with salt soln, centrifuge well, and pour off the supernatant liquid, 
disregarding opalescence. Repeat this procedure twice. Extract once in the same 
manner with 70% alcohol and then once wdth H 2 O, shaking for 1-2 min. in each 
case. Drain the bottle for several minutes, then chill and add from a pipet 100 cc of 
HCl soln (20.5-21.0 g of HCl per 100 cc) at a temp, not higher than 15". Shake 
vigorously for 3 min., centrifuge well, and pour off the soln thru a pledget of cotton 
in the stem of a funnel. Cool the soln to the temp, at which the HCl was added, and 
pipet off 50 cc into a nursing bottle containing 115 cc of 95% alcohol. Shake with a 
whirling motion for 1 min., let stand for 2 min., centrifuge for 2 min., pour off thru 
a weighed Gooch crucible containing a thin pad of asbestos, and add 50 cc of 70% 
alcohol to the precipitate. Stopper the buttle, shake vigorously, wash down the 
sides with the alcohol, centrifuge lightly, and pour off thru the crucible. Repeat 
once with 70% alcohol and once with 95% alcoliol. Dry the crucible and contents 
for 1.5 hours at 130° in air, or for 5 hours at 98-100° in vacuo. Cover the crucible, 
place in a desiccator containing an efficient desic(;ant, and weigh the crucible as 
soon as it has attained room temp. 

ALMOND PASTE, KERNEL PASTE, ETC. 

13 SEPARATION AND PREPARATION OF THE OIL— TENTATIVE 

Dry the paste in an oven and extract repeatedly with petroleum ether by rubbing 
in a mortar and pouring off the solvent thru a filter. Evaporate the ether on a steam 
bath and test the extracted oil. 

14 Biebeys Tesi'^ 

Agitate 5 volumes of oil with 1 volume of a mixture of equal parts, by weight, of 
H 2 SO 4 , fuming HNO 3 , and H 2 O. Pure almond oil does not change color; after stand- 
ing for some time apricot kernel oil gives a pink peach-blossom color, and peach 
kernel oil, a faint pink coloration. It is advisable to prepare the reagent fresh for 
each set of tests. It is doubtful whether less than 25% of apricot kernel oil can be 
detected. 

15 Nitric Acid TesO 

On being shaken wdth nitric acid, almond oil remains colorless or becomes slight ly 
yellow; apricot kernel oil assumes a color ranging from orange-yellow to red; and 
peach kernel oil becomes a yellowish brown. 

16 Kreia Test* 

Mix 1 volume of the oil in a test tube with 1 volume of a 0.10% soln of phloro- 
glucinol in ether, and pour 1 volume of HNOj down the side of the tube. Keep the 
tube cold. A red ring forms at the junction of the two liquids when apricot kernel, 
sesame, or cottonseed oil is present. Almond oil gives no red color — or, at most, 
only a light pink. 
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The presence or absence of other oils (such as cottonseed, sesame, peanut, or 
olive) may be detected by the variation in constants and by characteristic tests. 
It is seldom that these oils are found unless added starch is present. 

17 MICROSCOPIC EXAMINATION 

In connection with the microscopic examination of almond paste and other 
products containing ground almonds, attention is called to the following publica- 
tions, which give detailed descriptions and illustrations of the tissue elements: 
Young, W. J. — A Study of Nuts with Special Reference to Microscopic Identifi- 
cation. U. S. Dept. Agr, Bur. Chem, Bull 160 (1912). 

Hamig, E. — Z, Nakr. Genu^sm., 21 , 577 (1911). 

Pease, V. A, — Notes on the Histology of the Almond, /. Agr, Research, 41, 789- 
800 (1930). 

Winton, Andrew L. and Kate B. -The 8truc,ture and Composition of Foods, 
Vol. 1, p. 476 (1932). 


SHREDDED COCONUT 

18 GLYCEROL— TENTATIVE 

Extract with suction 4 times, 4 g of the shredded coconut (dried in vacuo at 70“ for 
5 or 6 hours) on a filter (a fritted Jena glass Buchner filter is most convenient), 
using for each extraction 50 cc of petroleum ether (b.p. below 65°), and allowing 3 
min. intervals between extractions. Use a flattened glass rod for stirring. After re- 
moving the fat, extract the residue on the filter with four 50 cc portions of absolute 
alcohol, allowing 3 min. intervals with stirring, as before. Make the absolute alcohol 
extract to 250 cc with absolute alcohol at room temp. Pipet 100 cc into a 500 cc 
Erlenmeyer flask, and add 5 cc of HoO and a paste made by adding hot H 2 O to 2 or 
3 g of Ba(OH )2 in a small mortar. Heat the mixture on a steam bath to boiling and 
boil for about 1 min. ; transfer to a 250 cc centrifuge bottle, and centrifuge at 2000 
r.p.m. for about 5 min. Transfer the clear liquid to a large porcelain dish and wash the 
residue in the centrifuge bottle with 50-75 cc of absolute alcohol, stirring with a glass 
rod and centrifuging as before. Evaporate on a steam bath at a temp, below 70° to a 
few drop.s,or almost dryness. Transfer to a 50 cc glass-stoppered cylinder with 10 cc 
of absolute alcohol and wash the dish with two 5 cc portions of absolute alcohol. Fur- 
ther wash (he dish with three 10 cc portions of anhydrous ether, shaking the glass- 
stoppered cylinder thoroly after each addition of the anhydrous ether. Transfer to a 
sediment tu))e and centrifuge for 10 min. at a speed of 3200 r.p.m. Transfer the clear 
soln in the sediment tube to an eva])orating dish, preferably platinum, and wash the 
sediment tube with 25 cc of a mixture of absolute alcohol and anhydrous ether (2:3), 
stirring with a glass stirring rod and centrifuging as before. Evaporate on the steam 
bath at a temp, of 85-90° to about 5 cc, add 20 cc of H 2 O, and evaporate to about 
5 cc; re])eat this operation twice. Transfer the residue with hot H 2 O to a 50 cc 
volumetric flask and proceed as directed under XXXIIl, 72. 

SELECTED REFERENCES 

1 J. Assoc. Official Agr. Chem., 18, 419 (1935). 

Z. Anal. Chem., 17, 264 (1878); Pharm. Centraib., 18, 315, 

’ Schweizer Lebensmittelbuch, 3rd ed,, p. 43 (1917). 

^ Chem. Zlg., 26, 897 (1902). 
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1 PREPARATION OF SAMPLR-OFFICIAL 

Melt solid fats and filter by means of a hot water funnel or similar apparatus. 
Make the different determinations on samples of this melted, homogeneous mass. 
Filter oils that are not clear. Keep oils and fats in a cool place and protected from 
light and air, otherwise they will soon become rancid. Weigh out at one time as 
many portions as are needed for the various determinations, using a small beaker or 
weighing buret. 

MOISTURE AND VOtATILE MATTERi 

2 Vacuum Oven Method — Offi-cial 

Soften the sample if necessary by means of gentle heat, taking care not to melt 
it. When sufficiently softened, mix thoroly with a mechanical egg beater or other 
equally effective mechanical mixer. 

Weigh 5 g ( ±0.2 g) of the prepared sample into a shallow glass moisture dish 
approximately G-7 cm in diameter and 1 cm deep. Dry to constant weight in a 
vacuum oven (F.A.C. standard or equivalent) at a uniform temp, not less than 20** 
nor more than 25° above the boiling jjoint of H^O at the working pressure, which 
should not exceed 100 mm of mercury. Constant weight is attained when successive 
dryings for 1 hour periods show an additional loss of not more than 0.05%. Cool the 
sample in an efficient desiccator (30 min.) and reweigh. Report the percentage loss 
in weight as moisture and volatile matter. 

SPECIFIC GRAVITY (APPARENT) 

At 25/25^— Official 

3 STANDARDIZATION OF PYCNOMETER 

Carefully clean the pycnometer by filling it with a saturated soln of CrOs in HiSO* 
and allowing to stand for several hours. Empty the pycnometer and rinse thoroly 
with H,0; then fill it with recently boiled ICO previously cooled to about 20“ and 
place in a constant temp, bath at 25®. At the end of 30 min, adjust the level of the 
HjO to the proper point on the pycnometer and put the perforated cap or stopper 
in place; remove from the bath, wipe dry with a clean cloth or towel, allow to stand 
for 30 min,, and weigh. Empty the pycnometer, rinse several times with alcohol and 
then with ether, allow it to become perfectly dry, remove ether vapor, and weigh. 
Ascertain the weight of contained II lO at 25“ by subtracting the weight of the pyc- 
nometer from its weight when full. 

4 DETERMINATION 

Fill the clean, dry pycnometer with the oil previously cooled to about 20“, place 
in a constant temp, bath at 25“ for 30 min., adjust the level of the oil to the proper 
point on the pycnometer, and put the cap or stopper in place; remove from the bath, 
wipe dry, and weigh as directed under 3. Subtract the weight of the empty pyc- 
nometer from its weight when filled with oil and divide the difference by the weight 
of HiO at 25“, as determined under 3. The quotient is the sp. gr. at 25/25“ (appar- 
ent). 
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5 TEMPERATURE CORRECTION FOR SPECIFIC GRAVITY OF OILS— OFFICIAL 

If the sp. gr, of the oil is determined at other than standard temp., the approxi- 
mate sp. gr, at 25® may be calculated by means of the following formula: 

G = G'+0.0007 (r-25®), in which 
(7 = 8p. gr. at 25°; 

T 

(?'=sp.gr. at—; 

25 

7* = temp, at which the sp. gr. was determined; and 
0.0007 =mean correction^ for 1°. 

Ai the Temperature of Boiling Water — Official 

6 STANDARDIZATION OF FLASKS 

(a) Weigh a 25-30 cc sp, gr. flask and fill with freshly boiled hot HjO. Place in 
a briskly boiling water bath for 30 min., replacing any evaporation from the flask 
by the addition of boiling H 2 O. Then insert the stopper, previously heated to 100®, 
remove the flask, cool, and weigh. 

(b) The following formula may he used for calculating the weight of H 2 O (WO 
which a given flask will hold at T° (weighed in air with brass weights at the temp, of 
the room) from the weight of II 2 O (WO (weighed in air with brass weights at the 

temp, of the room) contained therein at t°‘. 

‘ 

= IP'— [1+0.000026 {T-t)], in which 

(/^=thc density of H 2 O at T®; and 
d‘ = the density of II 2 O at f®. 

7 DETKU.Ml.VATION 

Fill the dry flask with the dry, hot, freshly filtered fat, which should be entirely 
free from air bubbles, and keep in a water bath for 30 min. at the temp, of boiling 
H 2 O. Insert the stopper, previously heated to 100®, cool, and weigh. Divide the 
weight of contained fat by the weight of contained IDO previously found to obtain 
the sp. gr. 

The weight of H 2 O at boiling temp, must be determined under the barometric 
conditions prevailing at the time the determination is made. 

INDEX OF REFRACTION 

8 GENEHAT- DIIiECTlOXS — OFFICIAL 

Place the instrument in such a position t hat diffused daylight or some form of arti- 
ficial light can readily be obtained for illumination. Circulate thru the prisms a 
stream of IDO of constant temp. Determine the index of refraction with any stand- 
ard instrument, reading oils at 20® and fats at 40®. The readings of the Zeiss butyro- 
refractometer on fats may be reduced to standard temp, by the following formula:* 

R = R'-\-0M {T'-T), in which 
/^ = the reading reduced to temp. T; 

/?' = the reading at T'; 

7' = the temp, at which reading R* is made; 

7 = the standard temp.; and 
0.55 = correction in scale divisions for T. 
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With oils the factor 0.58 is substituted in the formula for 0.55, because they have 
a higher index of refraction. The readings of instruments that give the index of re- 
fraction directly can be reduced to standard temp, by substituting the factor 
0.00038 for 0.55 in the formula. As the temp, rises the refraqtive index falls. The in- 
strument used may be standardized with HjO at 20°, the theoretical refractive index 
of H 2 O at that temp, being 1.3330. Any correction found should be made on all read- 
ings. The index of refraction varies with the sp. gr. and in the same direction. If the 
results appear abnormal, compare the specific refractive power"* with the normal. 

N-l 

Calculate the specific refractive power from the formula — which N equals 


the refractive index and D the sp. gr. According to Proctor,* the Lorenz formula, 


- 1 


gives much more satisfactory results than 


.V-1 

D 


9 I. By Means of the Ahhi Refractorneier — Ojficial 

To charge the instrument, open the double prism by means of the screw head and 
place a few drops of the sample on the prism or, if preferred, open the prisms slightly 
by turning the screw head and pour a few drops of the sample into the funnel-shaped 
aperture between the prisms. Then close the prisms firmly by tightening the screw 
head. Allow the instrument to stand for a few min. before the reading is made, so 
that the temp, of the sample and the instrument will be the same. 

The method of measurement is based upon the observation of the position of the 
border line of total reflection in relation to the faces of a prism of flint glass. Bring this 
border line into the field of vision of the telescope by rotating the double prism by 
means of the alidade in the following manner: Hold the sector firmly and move 
the alidade backward or forward until the field of vision is divided into a light and 
a dark portion. The line dividing these f>orti()ns is the ‘fljorder line,” and, as a rule, 
will not be a sharp line but a band of color. The colors are eliminated by rotating 
the screw head of the compensator until a sharp, colorless line is obtained. The bor- 
der line should now be adjusted so that it falhs on the point of intersection of the 
cross hairs. Read the refractive index of the substance directly on the scale of the 
sector. Check the correctness of the instrument as directed under 8, or by means of 
the quartz plate that accompanies it, using monobromonaphthalene, and make the 
necessary correction in the reading. 

10 By Means of the Zeiss Butyro-Refractometer — Official 

Place 2 or 3 drops of the filtered fat on the surface of the lower prism, ('lose the 
prisms and adjust the mirror until it gives the sharpest reading. If the reading is 
indistinct after running H 2 O of a constant temp, thru the instrument for some time, 
the fat is unevenly distributed on the surfaces of the prism. .A,s the index of refrac- 
tion is greatly affected by temp., use care to keep the latter constant, ('arcfiilly ad- 
just the instrument by means of the standard fluid that is supplied with it. (’on vert 
the degrees of the instrument into refractive indices from the table under 11. 
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11 Butyro-refractometer readings and indices of refraction 


RKADINQ 

INDBX OF 
REFRACrrtOK 

HEADINQ 

INDEX OF 
KEFHACTION 

40.0 

1.4524 

1 50.0 

1.4593 

40.5 

1.4527 

50.5 

1.4596 

41.0 

1.4531 

51,0 

1.4600 

41.5 

1.4534 

51.5 

1.4603 

42.0 

1.4538 

52.0 

1,4607 

42.5 

1.4541 

52 . 5 

1 .4610 

43.0 

1.4545 

53.0 

1.4613 

43.5 

1.4548 

53.5 

1.4616 

44.0 

1.4552 

54.0 

1.4619 

44.5 

1.4555 

54.5 

1 .4623 

45.0 

1.4558 

55.0 

1.462G 

45.5 

1.4562 

55 . 5 

1.4629 

46.0 

1.4565 

56.0 

1.4633 

46 . 5 

1 .4569 

56 . 5 

1.4636 

47.0 

1 .4572 

57.0 

1 . 4639 

47.5 

1 .4576 

57.5 

1.4642 

48.0 

1 . 4579 

58.0 

1.4646 

48.5 

1.4583 

58.0 

1 .4649 

49.0 

1.4586 

59,0 

1.4652 

49.5 

1 .4590 

59 . 5 

1 . 4656 


KEADINO 

INDEX OF 

refraction 

RKADINQ 

INDEX OF 
REFRACTION 

60.0 

1.4659 

70.0 

1.4723 

60.5 

1.4662 

70.5 

1.4726 

61.0 

1.4665 

71.0 

1.4729 

61.5 

1 .4668 

71.5 

1.4732 

62.0 

1.4672 ’ 

72.0 

1.4735 

62.5 

1.4675 

72.5 

1.4738 

63.0 

1.4678 

73.0 

1.4741 

63.5 

1.4681 

73.5 : 

1.4744 

64.0 

1.4685 

74.0 

1.4747 

64.5 

1.4688 

74.5 

1.4750 

65.0 

1.4691 

75.0 

1.4753 

65.5 1 

1.4694 

75.5 

1.4756 

66.0 ^ 

1.4697 

76.0 

1.4759 

66.0 

1.4700 

76.5 

1.4762 

67.0 

1.4704 

77.0 

1.4765 

67.5 

1.4707 

77.5 

1.4768 

68.0 

1 .4710 

78.0 

1.4771 

68.5 

1.4713 

78.5 

1.4774 

69.0 

1 .4717 

79.0 

1 .4777 

69.5 

1.4720 

79.5 

1.4780 


MELTING POINT OF FATS AND FATTY ACIDS 
Wile y Meth od — Offi cia I 

12 REAGENT 

Alcohol-iraltr mixture. sp, i 2 ,r. sliould be the same as that of the fat to be 

examined. Prepare by boiling, separately, H2O and 95% alcohol for 10 min. to 
remove the gases that may be held in soln. While still hot pour the H2O into a test 
tul)e until it is almost half full. Nearly fill the test tube with the hot alcohol, pouring 
it down the side of the inclined tul)G to avoid too much mixing. If the alcohol is 
added after the H^O has cooled, air bubbles will make the mixture unfit for use. 

13 D E T E K M I N A T1 0 N 

Allow the melted and filtered fat to fall a distance of 15-20 cm from a dropping 
tube upon a piece of ice or upon the surface of cold Hg. The disks thus formed 
should be 1-1.5 cm in diameter and should weigh about 200 mg. Remove the disks 
when solid, and allow to stand 2-3 hours in order to obtain the normal melting point. 

Place a 30X3.5 cm test tube, containing the alcohol-water mixture, in a tall 
35 X 10 cm beaker containing ice and H2O, and leave until the mixture is cold. Then 
drop a disk of fat into the tube. It will sink immediately to a point where the density 
of the alcohol-water mixture is exactly equivalent to its own. Lower an accurate 
thermometer, which can be read to 0.1°, into the test tube until the bulb is just 
above the disk. In order to secure an even temp, in all parts of the alcohol-water 
mixture around the disk, stir gently with the thermometer. Slowly heat the H5O in 
the beaker, constantly stirring it by means of an air blast or other suitable device. 

When the temp, of the alcohol-watcr mixture rises to about 6° below the melting 
point of the fat, the disk of fat begins to shrivel and gradually rolls up into an irregu- 
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lar mass. Lower the thermometer until the fat particle is even with the center of the 
bulb. Rotate the thermometer bulb gently and so regulate the heat that about 10 
min, is required for the last 2** increase in temp. As soon as the fat mass becomes 
spherical, road the thermometer. Remove the tube from the bath and again cool. 
Place in the bath a second tube containing the alcohol-water mixture. The test tube 
is of sufficiently low temp, to cool the bath to the desired point. After the first or 
preliminary determination, regulate the temp, of the bath so as to obtain a maxi- 
mum of about 1.5® above the melting point of the fat under examination. 

If the edge of the disk touches the sides of the tube, make a new determination. 
Run triplicate determinations. The second and third results should agree closely. 

14 Capillary Tube Method^" — Official 

Draw the melted fat or fatty acids into a thin-walled capillary tube. Use a column 
of fat 1-2 cm long, according to the length of the thermometer bulb. Seal one end 
of the tube and cool on Ice 12-15 hours. Attach the capillary tube to the bulb of an 
accurate thermometer graduated to 0.2°, immerse in a large test tube of 1120 sur- 
rounded by a beaker of H 2 O, and heat very slowly. An apparatus similar to that 
indicated in Fig. 37 may be used. Take as the melting point the temp, at which the 
substance becomes transparent. 


TITER TEST 

Alcoholic or Ayueous Sodium Hydroxide Method Offeial 
15 SrECIFICATIONS FOR TITER TE-^T THEUMO.METEISS'^ — OFFICIAL, FIRST ACTION 

The original specification for the titer test tliei rnonieter is about twenty years 
old and on account of certain arbitrary limits in the spcciiications has always been a 
difficult and expensive thermometer to manufacture. It aiipears, furthermore, that 
it was originally designed to be read to 1/10 or 1/5 of a division, that is, to 0,01° 
or 0.02°, whereas, in practice, it is read to the nearest division, or perhaps occa- 
tionally to 12 division. The original specifications were difficult principally because 
it w'as desirable to keep the thermometer as short as possible, and this resulted in 
crowding the division marks so close together that reading was not easy. A slightly 
shorter, much more easily readaljle thermometer is obtained by subdividing the 
scale to 0.2° C. with a scale sufficiently open to make reading to 1/2 division, 0.1°, 
easy. This thermometer has been designed so as to cause no undue difficulties in 
manufacture, and at the same time to meet fully the requirements for accuracy in 
the titer test. 

Type.- — Etched stem, gla.s.s. 

Liquid. — Mercury. 

Range and subdivision. — Minu.s 2 to 02° in 0.2°, with cxjiansion chamber at top. 
Total length. — 350-360 mm. 

Stem. — Plain front, enamel back, suitable thermometer tubing. Diameter, 6 7 
mm. 

Bulb. — Corning normal or etjually suitable thermometric glass. Diameter not 
less than 5.5 mm but not greater than that of the stem. Length, 20 -30 mm. 

Distance to —2° mark from hotiom of bulb. — 45-60 mm. 

Distance to 62° mark from top of thermometer. — 20 50 min. 

Length of unchanged capillary. — Between top of bulb and the first graduation 
mark, 13 mm, and between the la.st graduation mark and the expansion chamber 
at the top, 10 mm. 

Top finish . — Glass ring or knob. 

Filling above mercury. — Nitrogen or other suitable gas. 


408 



OlIiB, FATB, AND WAXES 


XXXI 


Graduation , — All lines, figures, and letters to be clear cut and distinct. Each de- 
gree mark to be longer than the remaining lines. Graduations to be numbered at 
every 2’’ mark. 

Immersion. — Total. 

Special marking. A.O.A.C, liter test . — A serial number, and the manufacturer’s 
name or trademark shall be etched upon the stem. The marking “0.2°C.” shall be 
marked on the front of the stem above the scale. 



FIG. ;i7, -APPARATUS FOR THE DETERMIXATIOX OF THE AIELTlxN'G POINT 

Scale error.— -The error at any point on the scale, when the thermometer is stand- 
ardized at total immersion, shall not exceed 

Case . — The thermometer shall be supplied in a suitable case on which shall ap- 
pear the marking: A.O.A.C, Titer Test, —2'^ to 6J°C. in 0.2^, 

Note: For the purpose of interpreting these specifications the following defini- 
tions apply: 

The total length is the over-all length of the finished instrument. 
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The diameter is that measured with a ring gage. 

The length of the bulb is the distance from the bottom of the bulb to the be- 
ginning of the enamel backing. 

The J;op of the thermometer is the top of the finished instrument. 

16 DETEKMINATION 

Saponify 75 g of the sample in a metal dish with 60 cc of 30% NaOH soln (36“ 
Baum6) and 75 cc of 95% alcohol or 120 cc of H2O. Evaporate to dryness over a 
very low flame or on an iron or asbestos plate, stirring constantly. Dissolve the dry 
soap in 1 liter of boiling H2O, and if alcohol has been used boil for 40 min. to remove 
it, adding sufficient H2O to replace that lost in boiling. Liberate the fatty acids by 
adding 100 cc of H2S04 (1+3) and boil until they form a clear, transparent layer. 
Wash the fatty acids with boiling H20 until free from H2SO4, collect in a small 
beaker, and place on a steam bath until the H2O ha.s settled and the fatty acids are 
clear. Decant into a dry beaker, filter while hot, and dry 20 min. at 100°. When 
dried, cool the fatty acids to 15-20° above the expected titer and transfer to the 
titer tube, 25 by 100 mm (1 by 4 in.) and mad,c of glass about 1 mm in thickness. 
Place in a 16 oz wide-mouthed bottle of clear glass, 70 by 150 mm (2.8 by 6 in.), 
fitted with a perforated cork so as to hold the tube rigidly when in position. Suspend 
the standard thermometer so that it can be used as a stirrer and stir the mass slowly 
until the Hg remains stationary for 30 seconds. Then allow the thermometer to hang 
quietly, with the Imlb in the center of the mass, and observe the rise of the Hg 
column. The highest point to which it rises is regarded as the titer of the fatty acids. 

Test the fatty acids for complete saponification as follows; Place 3 cc in a test 
tube and add 15 cc of 95% alcohol. Bring the mixture to a boil and add an equal 
volume of NH^OH (1+2). A. clear soln should result. Make the titer at about 20° 
for all fats having a titer above 30°, and at 10° below the titer for all other fats. 

17 Gti{cerol~Pol(issium Hydroxide Method Ojficial 

Heat 75 cc of glycerol KOH soln (25 g of KOH in 100 cc of U.S.P. glycerol) to 150° 
in an 800 cc beaker and add 50 cc of the oil or melted fat, previously filtered if neces- 
sary to remove foreign substances. Saponification often takes place almost immedi- 
ately, but heating and frequent stirring should be continued for 15 min. Do not 
use a temp, much above 150°. When the saponification is complete, as indicated by 
jthe perfectly homogeneous soln, pour the soap into an 800 cc casserole containing 
about 500 cc of nearly boiling H2O; add carefully 50 cc of H2SO4 (1+3); and lieat 
the soln, wdth frequent stirring, until the layer of fatty acids separates out per- 
fectly clear. Transfer the fatty acids to a tall separatory funnel, wash 3 or 4 times 
wdth boiling H2O to remove all mineral acids, draw the fatty acid.s off into a small 
beaker, and allow to stand on a steam bath until the II2O has settled out and the 
acids are clear. Filter into a dry beaker and heat to 150° on a thin asbestos plate, 
stirring continually with‘tfce thermometer; transfer to a titer tube, fill it to within 
2.5 cm of the top, and take the titer as directed under 16. 

IODINE ABSORPTION NUMBER 

(All reports should specify the method used.) 

Hanua M ethod—OJficial 

18 REAGENTS 

(a) Hanm iodine soln . — Dissolve 13.2 g of pure I in 1 liter of glacial acetic acid 
(99.5%) that shows no reduction with dichromate and H2SO4. Add enough Br to 
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double the halogen eontent as determined by titration (about 3 cc). The I may be 
dissolved by heating, but the soln should be cold when the Br is added. 

A convenient procedure for preparing the Hanus I eoln is as follows: Measure 825 
cc of acetic acid that has shown no reduction by the dichromate test and dissolve 
in it with the aid of heat 1^.615 g of I. Cool and titrate 25 cc of this soln with the 0.1 

NajSjOs- Measure another portion of 200 cc of the acetic acid and*add 3 cc of Br. 
To 5 cc of this soln add 10 cc of the 15%^I soln, and titrate with the 0.1 Na2S203- 

Calculate the quantity of the Br soln required to double the halogen content of the 
remaining 800 cc of I soln as follows: 


A ini which 


A =cc of Br soln required; , 

B = 800 X the thiosulfate equivalent of 1 cc of I soln; and 
C = the thiosulfate equivalent of I cc of Br soln. 


Example: 136.15 g of I is dissolved in 8250 cc of acetic acid, and 30 cc of Br is 
dissolved in 2000 cc of acetic acid. Titrating 50 cc of the I soln against the standard 
thiosulfate shows that 1 cc of the I soln =1.1 cc of the thiosulfate (0,0165 g of I). 
Titrating 5 cc of the Br soln shows that 1 cc of the Br soln =4.6 cc of the thiosulfate. 
Then the quantity of Br soln required to double the halogen content of the remain- 

8200 X 1 1 

ing 8200 cc of 1 soln= , or 1961 cc. Upon mixing the two solns in this 

4.6 


proportion, there is obtained a total volume of 10161 cc, containing 135.3 g of I. In 
order to reduce this soln to the proper strength (13.2 g of I per liter), 10.161 X13,2 = 


134.1; 135.3 — 134.1 = 1.2 g of I present in excess, or 


1.2X1000 


= 91 cc of acetic 


acid, which must be added, 

(b) Sodium thiosulfate O.l ,V. Prepare a sulri containing 24.82 g of Na2S203. 

5H20 in freshly boiled and cooled lUO and dilute to 1 liter. Standardize this soln 
as follows: Place in a glass-stoppered Oask 20 cc of the 0.1 N KsCrjO? and 10 cc of 
the 15% KI soln. Add 5 cc of HCl, Dilute with 100 cc of freshly boiled and cooled 
H2O and allow the 0.1 A^ Na2S203 to flow slowly into the flask until the yellow color 
of the liquid has almost disappeared; add a few drops of starch indicator, VI, 3(e); 
and with constant shaking, continue to add the 0.1 A" Na2Si;03 until the blue color 
just disappears. 

(c) Potassium dichromate. — 0.1 A'. Dissolve 4.903 g of KaCraO: in HjO and dilute 
to 1 liter. Check the strength of this soln against pure Fe, 


19 DETERMINATION 

Weigh about 0.500 g of fat, or 0.250 g of oil (0.100-0.200 g in the case of drying 
oils that have a very high absorbent pow’er), into a 500 ec glass-stoppered flask or 
bottle. Dissolve the fat, or oil, in 10 cc of CIICI3. Add 25 cc of the Hanus I soln and 
allow to stand for 30 min., shaking occasionally. (This time must be adhered to 
closely in order to obtain accurate results. The excess of I should be at least 60% of 
the quantity added.) Add 10 cc of 15% KI soln, shake thoroly, and then add 100 cc 
of freshly boiled and cooled H2O, washing down any free I that may be found on 
the stopper. Titrate the I with the 0.1 N Na2S20s, adding it gradually, with con- 
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stant shaking, until the yellow color of the soln has almost disappeared. Add a few 
drops of starch indicator, VI, 3(e), and continue the titration until the blue color 
has entirely disappeared. Toward the end of the titration, stopper the bottle and 
shake violently, so that any 1 remaining in soln in the CHCU may be taken up by 
the KI soln. Conduct two blank determinations along with that on the sample. 
The number of cc of the 0.1 iV Na 2 S 203 required by the blank less the quantity used 
in the determination gives the thiosulfate equivalent of the 1 absorbed by the fat 
or oil. Calculate the percentage by weight of I absorbed and report as the I number 
(Hanus method). 

irtjs Method ' Official 

20 RE.AGENTS 

Wijs iodine soln . — Dissolve 13 g of resublimcd I in 1 liter of glacial acetic acid 
(99.5%) and pass in washed and dried Cl gas until the original thiosulfate titration 
of the soln is not quite doubled. Use not more than a slight excess of 1 and no excess 
of Cl. Preserve in a glass-stoppered amber bottle scaled with paraffin until ready 
for use. Do not use Wijs soln that is more than 30 days old. Because of its unstable 
character ICl* should not be used for preparation of the I soln.® 

The other reagents and solns used are described under 18. 

21 DETEKMINATIOX 

Weigh 0.10 0.50 g (depending on the I number) of the melted and filtered sanqde 
into a clean, dry, 16 oz, glass-stoppered bottle containing 15-20 cc of CC’U or CHCU. 
With a pipet add 25 cc of the I soln, allowing the pipet to drain for a definite time. 
The excess of I should be from 50-60% of tlie rpiantity added, that i.s, from 100- 
150% of the quantity absorbed. Moisten the stopper with the 15% K I soln to pre- 
vent loss of I or Cl but guard against the use of a quantity sufficient to run down 
inside the bottle, Let the bottle stand in a dark place for 30 min. at a uniform temp, 
.\t the end of that time add 20 cc of 15% KI soln and 100 cc of recently boiled and 
cooled H 2 O. Titrate the 1 with the 0.1 N NaiS20j soln, adding the latter gradually 
and with constant shaking until the yellow color of the soln has almo.st disappeared. 
Add a few drops of startih indicator, VI, 3(e), and continue the titration until the 
blue color has entirely disappeared. Toward the end of the reaction stopper the 
bottle and shake violently so that any I remaining in soln in the CCI4 or CHClj 
may be taken up by the KI soln. Conduct two determinations on hlariks, run in the 
same manner as the sample, but without any fat. Slight variations in temp, affect 
quite appreciably the titer of the 1 soln as acetic acid has a high coefficient of ex- 
pansion. It is essential, therefore, that the blanks and determinations on the sample 
be made at the same time. The number of cc of standard thiosulfate soln required 
by the blank less the quantity used in the determination gives the thiosulfate 
equivalent of the I absorbed by the sample taken. Calculate the percentage by 
weight of I absorbed and report as the I luirnher (Wijs method). 

SAPONIFICATION NUMBER (KOETTSTORFER NUMBER)- OFFICIAL 

22 REAGENT 

Alcoholic potassium hydroxide soln.^ — (1) Reflux 1.2 liters of 95% alcohol for 30 
min. in a distilling flask with 10 g of KOI! and 6 g nf granulated A1 (or foil). Distil, 
and collect 1 liter after discarding the first 50 cc. Dissolve 40 g of high-grade KOH 
in this liter of alcohol. Keep soln in a giaas-stoppered bottle. Or (2) crush 40 g of 
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high-grade KOH in a 7 or 8 in. mortar. Add 46 g of granulated CaO and grind mix- 
ture to a powder. From a liter of 95% alcohol add 100 cc to the mortar and transfer 
to a flask, rinsing the mortar with several more portions. Add the remainder of the 
alcohol to the flask, shake the mixture for at least 5 min., and then invert a beaker 
over the neck of the flask. Repeat the shaking several times during the day. Next 
morning filter the soln into a clean, dry, glass-stoppered bottle. 

23 DETERMINATION 

Weigh accurately about 5 g of the filtered sample into a 250-300 cc Erlenmeyer 
flask. Pipet 50 cc of the alcoholic KOII soln into the flask, allowing the pipet to 
drain for a definite time. Connect the flask with an air condenser and boil until the 
fat is completely saponified (about 30 min,). Cool, and titrate with 0.5 N HCl, II, 
19(a), using phenolphthalein indicator. Conduct a blank determination along with 
that on the sample, using the same pipet for measuring the KOH soln and draining 
for the same length of time. Subtract the number of cc of 0.5 N HCl obtained in the 
determination on the sample from the number obtained on the blank to obtain the 
cc of 0.5 N HCl equivalent to the KOH u.sed in the saponification of the sample 
taken. Calculate and report as saponification number (mg of KOH required to 
saponify 1 g of fat). 

24 SOLUBLE ACIDS-OFFICIAL 

Place the flask used under 23 and its contents on a water bath and evaporate the 
alcohol. Add that quantity nf 0.5 iV HCl which is equivalent to the quantity of KOH 
used for the saponification of the sample under 23 and 1 cc more (quantity of 0.5 N 
HCl to be added = titration for blank —titration for sample-fl cc), and place the 
flask on the steam bath until the separated fatty acids form a clear layer on the up- 
per surface of the liquid. Fill the flask to the neck with hot H 2 O and cool the contents 
in ice H 2 O until the cake of fatty acids is thoroly hardened. Pour the liquid contents 
of the flask thru a filter into a liter flask, refill the flask with hot H 2 O, and set on the 
steam bath until the fatty acids collect at the surface. Cool by immersing in ice HjO 
and again filter the li(pnd into the liter flask. Repeat this treatment with hot H 2 O 
3 times, cooling and collecting the washings in the liter flask after each treatment. 
Titrate the combined washings with 0,1 A alkali, using phenolphthalein indicator. 
Subtract 5 (corresponding to the excess of 1 cc of 0.5 N acid) from the number of 
cc of 0.1 N alkali used and multiply by 0.0088 to obtain the weight of soluble acids 
as butyric acid. Calculate the percentage of soluble acids. 

25 INSOLUBLE ACIDS (HEHNER NUMBER)— OFFICIAL 

Allow the flask containing the cake of insoluble fatty acids from 24 and the paper 
thru which the soluble fatty ari<ls have been filtered to drain and dry for 12 hours. 
Transfer the cake, together with as much of the fatty acids as can be removed from 
the filter paper, to a weighed, wide-mouthed beaker flask. Then place the funnel 
containing the filter in the neck of the flask and wash the paper thoroly with hot 
absolute alcohol. Remove the funnel, evaporate the alcohol, dry for 2 hours at 100“, 
cool in a desiccator, and weigh. Again dry for 2 hours, cool, and weigh. If there is 
any considerable decrease in weight, re-heat for 2 hours, cool, and weigh again. 
Calculate the percentage of insoluble fatty acids. 
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SOLUBLE VOLATILE ACIDS (REICHERT-MEISSL AND POLENSKE VALUES)>»-OFFICIAL 

26 REAGENTS 

(a) Sodium hydroxide soln . — (1 + 1). Protect the solri from contact with CO 2 . 
Allow the soln to settle and use only the clear liquid. 

(b) Pumice stone , — Heat small pieces to a white heat, plunge into HjO, and keep 
there until used. 

(c) GlyceroUoda sofn.— Add 20 cc of the 1 + 1 NaOH soln to 180 cc of pure con- 
centrated glycerol. 

27 determination 

Weigh accurately 5 g of the sample to be tested into a clean, dry, 300 cc flask; 
add 20 cc of the glycerol-soda soln and heat over a flame or asbestos plate until com- 
plete saponification occurs, as shown by the mixture becoming perfectly clear. If 
foaming occurs, shake the flask gently. Add 135 cc of recently boiled HjO, drop by 
drop at first to prevent foaming, then add 6 cc of H 2 S 04 (1 +4) and a few fragments 
of pumice stone. Distil without previously melting the fatty acids, using an ap- 
paratus of the approximate dimensions illustrated in the diagram (Fig. 38). Rest 
the flask on a piece of asbestos board having a hole 5 cm in diameter in the center, 
and so regulate the flame as to collect 110 cc of the distillate in as near 30 min. as 
possible and to allow the distillate to drip into the receiving flask at a temp, not 
higher than 18-20®. 



FIG. .38.— APPARATUS FOR TUK DKTERMINATION OF THE POLENSKE NUMBER 


When the distillation is complete, substitute for the receiving flask a 25 cc cylinder 
to collect any drops that may fall after the flame has been removed. Mix without 
violent shaking, immerse the flask containing the distillate almost completely in 
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HjO at 15° for 15 min., filter the 110 cc of distillate thru a dry filter paper 9 cm in 
diameter, and titrate 100 cc with the standard NaOH soln, using phenolphthalein 
(1% alcoholic soln) as an indicator. The pink color should remain unchanged for 2 
or 3 min. The Reichert-Meisal value is the number of cc of 0.1 N NaOH soln used 
times 1.1, after this result is corrected for the figure obtained in a blank deter- 
mination. 

Remove the remainder of the soluble acids from the insoluble acids upon the 
filter paper by washing with 3 successive 15 cc portions of II 2 O, previously passed 
thru the condenser, the 25 cc cylinder, and the 110 cc receiving flask. Then dissolve 
the insoluble acids by passing successive 15 cc portions of neutral alcohol, 95% by 
volume, thru the filter paper, each portion having previously passed thru the con- 
denser, the 25 cc cylinder, and the 110 cc receiving flask. Titrate the combined al- 
coholic washings with the standard NaOH soln, using the phenolphthalein as indi- 
cator. The Polenske value equals the number of cc of alkali soln required for the 
titration. 

Note. —Unless these directions are followed in every detail as described, satis- 
factory results cannot be obtained. 


28 


KIRSCHNER VALUE'^^-OFFICIAL 


To 100 CC of the Reichert-Mcissl distillate, in a 200 cc Erlenmeyer flask, add G 
drops of phenolphthalein soln and titrate to a very faint pink with a 0.1 Ba(OH )2 
soln. Add 0.3 g of finely powdered AgjSOi. During the next hour shake the mixture 
fre(piently, then filter and transfer 100 cc of the filtrate to a 300 cc flask. Add 10 cc 
of H2S0< (1 +40), 35 cc of H 2 O, and a piece of A1 wire or several small pieces of 
pumice stone, 26(b). Distil 110 cc in about 20 min., using the Polenske apparatus, 
27. Titrate 100 cc of the distillate with 0.1 .V Ba(OH )2 soln, make a blank deter- 
mination, and after correcting the number of cc of alkali used, calculate the Kirsch- 


uer value according f,«) the following formula: 


^ AX 121(100 + 5) 
10,000 ’ 


in whicli A =the 


corrected Kirschner titration and 5 = the number of cc of standard alkali soln to 
neutralize the 100 cc Reichcrt-MeissI distillate. 

Butter fat gives Kirschner values from 19 to 26, coconut oil gives an average of 
1.9, and palm kernel oil, 1.0, whereas the majority of other fats and oils give values 
from 0.1 to 0. 2. 


SATURATED AND UNSATURATED FATTY ACIDS 

29 Lead Salt-Ether Method}^ — Oficial 

(Not applicable to fats and oils that contain erucic, elaeostcaric, chaulmoogric, 
hydnocarpic or similar acids; to hydrogenated products that contain notable quan- 
tities of iso-olcic acid; nor to coconut or palm kernel oils that contain notable quan- 
tities of the lower fatty acids which give ether-soluble Pb salts.) 

Weigh accurately 10 or 20 g of the sample into a 200 cc Erlenmes^er flask. Add 30 
cc of alcohol and 8 cc of KOI! soln (1+1). Mix thoroly and heat on the steam bath 
for about 30 min. Add a slight excess of acetic acid, using phenolphthalein as an 
indicator, and then add a sufficient quantity of 15% KOH soln while rotating the 
flask to produce a distinct pink color. Heat to boiling in a liter flask 60 cc (120 cc 
for 20 g of sample) of 20% Pb acetate soln and the same quantity of HgO. Add the 
neutralized soap soln cautiously to avoid any loss, rinsing the saponification flask 
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with 5 ce of alcohol, then with small volumes of hot H 2 O. Boil the mixture gently 
for about 5 min., shake thoroly, and cool under running HjO, rotating the flask to 
cause all the precipitated Pb soaps to adhere to the sides and bottom of the flask. 
When the mixture is cold pour off the aqueous sola into a large beaker in order to 
examine the soln for particles of Pb soap. (Usually the aoln is slightly turbid owing 
to some basic Pb acetate, and no particles or globules of Pb soap are seen.) Wash the 
; flask and Pb soap twice with cold 11 2 O and allow the flask to drain for 10 min. 
Remove the last drops of HjO by means of a thin roll of filter paper held by forceps, 
being careful to press the paper only lightly against the precipitate. Add about 120 
cc of ether and shake by rotating the flask for about 5 min. 

Connect the flask with a reflux condenser and boil the contents gently until the 
Pb soap is completely disintegrated or dissolved. Remove the flask and rinse down 
the sides with suflScient ether to make the final volume about 150 cc. Invert a close 
fitting beaker over the neck of the flask and place in an ice box for at least 15 hours. 
Place a 7 cm ordinary filter paper in a Buchner funnel of 7.5 cm diameter, turn on 
full suction, and fit a hardened filter paper cut to 8 cm in diameter as snugly as pos- 
sible to the sides of the funnel. Decant the ether soln from the separated Pb soaps, 
using only sufficient suction to draw the ether thru the filter. (Too much suction 
causes the ether to evaporate so rapidly that the filter may become clogged wdth the 
separated unsaturated acids, Pb soaps, or ice.) 

Transfer the precipitate to the filter by rinsing the flask with small portions of 
ether. During filtration keep the funnel covered as much of the time as possible to 
prevent the evaporation of the ether. If at any time filtration proceeds so fast as to 
cause the mass of Pb soap to crack, close the cracks by pressing with a small- spoon 
or spatula; otherwise the precipitate cannot be properly washed. Rinse the spoon 
free from the precipitate and wash the preci])itate 8 or 10 times with ether, finally 
allowing the suction to continue until the precipitate cracks into numerous pieces. 
Without delay, separate with a spoon as much of the precipitate as possible and 
transfer it without loss to a 500 cc separatory funnel containing about 50 cc of ether, 
washing off any precipitate adhering to the spoon and neck of the separatory funnel 
with ether. Transfer the filter paj)er to the liter flask. Shake the contents of the 
separatory funnel thoroly to disintegrate the lumps of Pb salt and allow to stand 
for about 20 min. Add 20 cc of HCI previously diluted with 10 cc of H20 and shake 
thoroly for 2 min. to decompose all the Pb soap. Add 5-10 cc of HCI (2-{-l) to the 
liter flask containing the filter paper, shake thoroly to decompose any precipitate ad- 
hering to the flask and filter; then wash into the separatory funnel with small alter- 
nate portions of ether and H^O until all the fatty acids and PbCC are removed from 
the flask. Again shake the contents of the separatory funnel with a rotary motion 
and allow to stand for 10 min. Withdraw the lower aqueous soln slowdy, taking pre- 
cautions not to remove any emulsion or undeoomposed Pb soap. When Pb soap i.s 
present (shown in the form of lumps that float on top of the aqueous soln), add 10 cc 
of HCI and shake again; then add about 20 cc of H 2 O, shake, and allow the mixture 
to stand until the layers have separated. Withdraw the aqueous soln and \vash the 
ether with successive 25 cc portions of H 2 O until the washings are free from HCI. 
Dehydrate the ether with about 2 g of anhydrous Na 2 SOi and transfer the soln to a 
weighed 300 cc Erlenmeyer flask. Rinse the separatory funnel and Na 2 S 04 with 
several small portions of ether to remove all the fatty acids, taking care not to allow 
any of the Na 2 S 04 to fall into the weighed flask. Distil the ether, avoiding any loss 
of the fatty acids, and heat in an oven at about 110® until the weight is constant. 
Obtain the weight of the saturated acids and save them for later investigation. 
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Transfer the ether sola of the soluble Pb soaps to a SOU cc or a 1000 co separatory 
funnel, rinsing the Buchner funnel and filter flask with small quantities of ether. Add 
a mixture of 30 cc of HCl and 75 cc of HjO and shake with a rotary motion for 2 min. 
After allowing the mixture to stand for 10 min., slowly withdraw the aqueous soln 
into a beaker. If drops of the ether soln are entrapped by the PbCl^ precipitate and 
are removed with it, decant the soln from the precipitated PbClj that has settled 
into the separatory funnel. Rinse the beaker and precipitate with small quantities 
of ether, adding the washings to the separatory funnel. Rotate the contents of the 
separatory funnel and allow to stand for 10 min. Withdraw the aqueous soln and 
wash the ether with successive 50 cc portions of II 2 O until the HCI is removed. 
Transfer the ether soln to a 300 cc weighed Erlenmeyer flask. Distil the ether and 
place the flask in an oven heated to about 110° for about 1 hour, while passing a 
stream of CO 2 into the flask to prevent oxidation of the unsaturated acids. Cool in 
an atmosphere of CO 2 , When cold, remove the CO 2 and weigh. Repeat this treat- 
ment until a constant weight is obtained. 

Determine in duplicate the I numbers of both the saturated and unsaturated acid 
fractions. (The I number of the saturated acid fraction is due to the presence of 
some unsaturated acid.) 

To correct for the unsaturated acids present in the fraction of saturated acids use 
the following formula: 


I No. of saturated acid fraction 
I No. of unsaturated acid fraction 


XIOO-A 


(percentage of uiisaturated acids in 
saturated acid fraction). 


Obtain the correct value by means of the formula 


AXB 
100 ’ 


in which B is the per- 


centage of the impure saturated acids (as found by analysis). Subtract this correc- 
tion from the percentage of impure saturated acids and add it to the percentage of 
unsaturated acids actually determined. 


30 FREE FATTY ACIDS— OFFICIAL 

Weigh 20 g of fat, or oil, into a flask; add 50 cc of 95% alcohol that has been neu- 
tralized with 0.1 iV NaOH .soln, using phenolphihalein indicator; and heat to boil- 
ing. Shake the flask thoroly in order to dissolve the free fatty acids as completely as 
possible. Titrate with 0.1 .V NaOH or KOH, shaking thoroly until the pink color 
persists after vigorous shaking. Express the results as percentage of oleic acid, as 
acid degree (cc of 1 A' alkali reijuired to neutralize the free acids in 100 g of oil or 
fat), or as acid value (mg of KOH required to .saturate the free acids in 1 g of fat or 
oil). 1 cc of 0.1 N alkali =0.0282 g of oleic acid. 

ACETYL VALUE's—OFFICIAL 

31 Acciylalion 

Boil 50 cc of the sample with 50 cc of freshly distilled acetic anhydride under a 
reflux condenser for 2 hours. Pour the mixture into 500 cc of H20 in a beaker and 
boil for 15 min. while bubbling a stream of air or of (>02 thru the soln to prevent 
bumping. Siphon off the HjO, add 500 cc more of H 2 O, and boil again for 15 min. 
Repeat the siphonation and boil for 15 min. with a third 500 cc portion of H 2 O. 
Allow the mixture to cool and separate the aqueous layer, which should be neutral to 
litmus. Transfer the acetylated oil to a separatory funnel and wash with two 200 cc 
portions of warm H 2 O. Separate as much of the HjO as possible, add 5 g of anhy- 
drous NajS 04 to the acetylated oil, and let stand for 1 hour, agitating occasionally 
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to assist the drying. Filter thru a dry folded filter, preferably in an oven heated to 
100-110°, and keep the filtered oil in the oven until the oil is completely dry. The 
acetylated product should be a clear, brilliant oil. 


32 


Saponification 


Weigh accurately 2-2.5 g each of the acetylated oil and of the untreated oil into 
separate 250 cc Erlenmeyer flasks. Add to each flask exactly 25 cc of alcoholic KOH 
soln, 22, and reflux for 1 hour. Titrate the warm solns w’ith 0.5 N HCl, using phenol- 
phthalein as indicator. Titrate in the same way tw'o 25 cc portions of the alcoholic 
KOH soln. From the mean of these two results, which should be in very close agree- 
ment, deduct the volume of the standard HCl required for the titration of the acety- 
lated and of the untreated oil and from the results so obtained calculate the saponi- 
fication number (mg of KOH required to saponify 1 g of product) of each. Calculate 
the acetyl value by means of the following formula: 


S' -S 

A = — — — in which 
1-0.00075*S 

A = acetyl value; 

6' = saponification number of oil; and 
»S' = saponification number of the acetylated ( 


CHOLESTEROL AND PHYTOSTEROL IN MIXTURES OF ANIMAL AND VEGETABLE FATS 
33 Alcohol Extraction Metkod^^ — Tentative 

Introduce 200-300 g of the melted fat into a flat-bottomed liter flask. Close the 
neck of the flask with a 3 holed stopper and insert thru these holes: (1) A reflux 
condenser; f2) a right-angled glass tube, one arm of which reaches to a point 6 mm 
above the surface of the melted fat, the other being closed a short distance from the 
flask by means of a short piece of rubber tubing and a pinch-cock; (3) a glass tube 
bent so that one arm reaches down to the bottom of the flask and the other serves 
a.s a delivery tube for a 700 cc round-bottomed flask containing 500 cc of 95% 
alcohol. 

Place the flasks containing the melted fat and the alcohol on a steam bath and 
heat so that the alcohol vapor passes thru the melted fat in the liter flask and is con- 
densed in the reflux condenser, finally collecting in a layer over the melted fat. After 
all the alcohol ha.s passed in this manner into the flask containing the fat, disconnect 
the flask from which the alcohol has been distilled and attach a tube to the short 
piece of rubber tubing attached to the right-angled glass tube, see (2) above, and 
siphon the alcohol layer back into the alcohol distillation flask. Reconnect as at 
first and again distil the alcohol as in the first operation. When all the alcohol has 
been distilled, siphon it again into the distillation flask and extract in the same 
manner a third time. 

Discard the fat and retain the alcohol, which now contains practically all the 
cholesterol and phytosterol originally present In the fat, Concentrate the alcoholic 
soln to about 250 cc, and to the boiling liquid add 20 cc of KOH soln (l + l)- Roil for 
10 min. to insure complete saponification of the fat, cool to room temp., and pour 
into a large separatory funnel containing 500 cc of warm ether, Shake to insure thoro 
mixing and add 500 cc of HjO. Rotate the funnel gently to avoid the formation of 
extremely stubborn emulsions, but mix the HjO thoroly with the alcohol-ether-soap 
soln. A clear, sharp separation takes place at once. Draw off the soap soln and wash 
the ether layer with 300 cc of 11 sO, avoiding shaking. Repeat the washing of the 
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ether soln with small quantities of HaO until all the soap is removed. Transfer the 
ether layer to a flask and distil the ether until the volume of liquid remaining in the 
flask measures about 25 ee. Transfer this residue to a tall 50 cc beaker and continue 
the evaporation until all the ether is driven off and the residue is perfectly dry. If 
desired, a weighed beaker may be used and the weight of the un saponifiable matter 
determined at this point. 

Add 3"5 cc of acetic anhydride to the residue in the beaker, cover the beaker with 
a watch-glass, and heat to boiling over a free flame. After boiling for a few seconds, 
remove the beaker from the flame, cool, and add 35 cc of alcohol, 60% by volume. 
Mix the contents of the beaker thoroly, filter off the alcoholic soln, and wash the 
precipitate with the 60% alcohol. Dissolve the precipitate on the filter with a stream 
of hot alcohol, S0% by volume, and wash the insoluble portion well with the 80% 
alcohol. Acetates of cholesterol and phytosterol are dissolved, while the greater por- 
tion of the impurities present (including paraffin and paraffin oil) remains behind on 
the filter. Cool the combined filtrate and washings to a temp, of 10- 12“ and allow to 
stand at that temp, for 2-3 hours. During this time the acetates of cholesterol and 
jjhytosterol crystallize from the soln. (collect the crystals upon a filter, wash with 
cold alcohol, 80% by volume, and then dissolve in a minimum quantity of hot ab- 
solute alcohol. Collect the alcoholic soln of the acetates in a small glass evaporating 
dish, add 2 or 3 drops of HjO to the soln, and heat if not perfectly clear. Allow the 
alcohol to evaporate spontaneously, stirring the contents of the dish occasionally to 
mix the deposit of crystals that form upon the edges with the main body of the 
liquid. As soon as a good deposit of crystals has formed, collect them upon a har- 
dened filter; wash twice with cold alcohol, 90% by volume; and dry by suction, dry- 
ing finally at 100“ for 30 min. Determine the melting point in the apparatus shown in 
the figure under 15, using in the outer beaker and glycerol in the inner tube. 

The melting point of the first crop of crystals usually gives definite information as 
to the presence nr absence of phytosterol, but the conclusion indicated should be 
confirmed by recrystallizing the crystals from absolute alcohol and again determin- 
ing the melting point. If the crystals arc pure cholesteryl acetate, the melting point 
of the second crop should agree closely with that of the first. If phytosteryl acetate 
is f)resent, however, a higher melting point will be noted, as phytosteryl acetate is 
less soluble in alcohol than cholesteryl acetate. The melting point of cholestervl ace- 
tate is 114°; that of phytosteryl acetate, 125-137°. 

34 Digitonin Method'' — Tentative 

Shake vigorously 50 g of .the oil, or fat, for 15 min. in a separatory funnel with 20 
cc of a 1% soln of digitonin in 95% alcohol. Allow the mixture to stand for a time 
until the emulsion separates. The lower or fat layer should be quite clear while the 
alcohol layer contains a bulky, flocculent precipitate. Draw off as much of the fat 
as possible, avoiding any loss of the precipitate. Add 100 cc of ether to the alcohol 
layer and filter the mixture. After drying in the air wash the precipitate with ether 
until free from fat, transfer to a tall 50 cc beaker, and add 2-3 cc of acetic anhydride, 
('over the l)eakcr with a watch-glass. Then boil slowly over a low flame for 30 min. 
After cooling, add 30-35 cc of alcohol, 00% by volume, and mix the contents of the 
beaker thoroly. Kilter the alcohol sohi. Wash the precipitate with the 60% alcohol, 
then dissolve on the filter with a stream of hot alcohol, 80% by volume, from a wash 
bottle, and set aside the filtrate in a cool place (10“ or below). After the acetates 
have crystallized out of this soln filter them off, reerystallize from absolute alcohol, 
dry, and determine the melting point of each crop of crystals as directe<l under 33 . 
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UNSAPONIFIABLE RESIDUE 

F. A. C. Method}^ — Offi^dal 

35 REAGENT 

Peir oleum ether . — Redistil below 75®. Make a blank determination by evaporating 
350 cc of the reagent with about 0.25 g of stearine or other hard fat (previously 
brought to constant weight by heating) and drying as in the actual determination. 
The blank must not exceed a few mg. 

36 APP.^RATUS 

Extraction eyfinder,- Glass-stoppered, graduated at 40 cc, 80 cc, and 130 cc, and 
of the following dimensions: diameter about If in,, height about 12 in. 

37 determination 

Weigh 5 g ( +0.020 g) of the prepared sample into a 200 cc Erlenmeyer flask, add 
30 cc of redistilled approximately 95% alcohol (by volume) and 5 cc of 50% aqueous 
KOH, and boil the mixture for 1 hour under a reflux condenser. Transfer to the 
extraction cylinder and wash to the 40 cc mark with redistilled 95% alcohol. Com- 
plete the transfer, first with warm, then with cold H5.O, until the total volume is 80 
cc. Rinse the flask with 50 cc of petroleum ether and add the rinsings to the contents 
of the cylinder previously cooled to room temp. Shake as vigorously as possible for 
1 min. and allow to settle until both layers are clear, when the volume of the upper 
layer should be about 40 cc. Draw off the petroleum ether layer as closely as possible 
by means of a slender glass siphon into a separatory funnel of 500 cc capacity. Re- 
peat the extraction at least 6 more times, using 50 <■<• ijf petroleum ether for each 
e.xtraction. Wash the combined extracts in the separatory funnel three times with 
25 cc portions of 10% alcohol by volume, shaking vigorously each time. Transfer 
the petroleum ether extract to a weighed Erlenmeyer flask and distil; or, if desired, 
evaporate the petroleum ether on a steam liath in a current of air. Heat the flask 
with residue until a constant weight is obtained in an oven at a uniform temp, not 
less than 100° nor more than 1 10°. (A vacuum oven may be used at a corresponding 
temp., which depends upon the pressure used in it. It is important to displace with 
air any residue vapors of petroleum ether remaining in the flask after heating and 
before it is weighed.) Deduct any blank from the weight before calculating unsaponi- 
fiable matter. Test the final residue for solubility in 50 cc petroleum ether at room 
temp. Filter, and wash free from the insoluble residue, if any. Evaporate and dry 
in the same manner as before. 


RESIN OIL 

38 Qualitative Test — Tentative 

Polarize the pure oil, or a definite dilution, with petroleum ether in a 200 mm 
tube. Resin oil has a polarization in a 200 mm tube of from +30® to +40° on the 
sugar scale (Schmidt and Haensch), while most oils^^ read between +1“ and — 1°. 

COTTONSEED OIL 

39 Ifalphen Test^^- -OEiciat 

Mix eSj containing 1% of 8 in soln with an equal volume of amyl alcohol. Mix 
equal volumes of this reagent and the sample under examination and heat in a bath 
of boiling, saturated brine for 1-2 hours. In the presence of as little as 1 % cottonseed 
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(lil, a pronounced characteristic red or orange-red color is produced. The deptli of 
color is proportional, to a certain extent, to the quantity of cottonseed oil present, 
and by making comparative tests with known mixtures of cottonseed oil an approx- 
imation of tlie rjuantity present can be obtained. 

Different oils react with different intensities. Oils that have been heated to 200- 
210°** react with greatly diminished intensity. Heating for 10 min. at 250° renders 
cottonseed oil incapable of giving the reaction.** The fat of animals fed on cottonseed 
meal or other cottonseed products may give a positive reaction by this test. 

40 PEANUT OIL';’— OFFICIAL 

Weigh 20 g of the oil into an Erlenmeyer flask. Saponify with alcoholic KOH soln, 
22; neutralize exactly with acetic acid (1 -1-3), using phenolphthalein indicator; and 
wash into an 800 -1000 cc flask containing a boiling mixture of 100 cc of HgO and 
120 cc of 20% Pb acetate soln. Boil for a min. and then cool the precipitated soap 
by immersing the flask in H 2 O, occasionally giving it a whirling motion to cause the 
soap to stick to the sides of the flask. After the flask has cooled, decant the H 2 O 
and excess of Pb acetate soln and wash the Pb soap with cold H 2 O and alcohol, 90% 
by volume. Add 200 cc of ether, cork, and allow to stand until the soap is disinte- 
grated; heat on a water bath, using a reflux condenser, and boil for about 5 min.** 
In the case of oils, most of the soap will be dissolved, while in lards, which contain 
much stearin, part of the soap will be left undissolvcd. Cool the ether soln of soap 
to 15-17° and allow to stand until all the insoluble soaps have separated out (about 
12 hours). 

Filter upon a Buchner funnel and thoroly wash the insoluble Pb soaps with ether. 
W^'ash the ether-insoluble Pb soaps into a separatory funnel by means of a jet of 
ether, alternating at the end of the operation if a little of the soap sticks to the paper 
with HCl (1-1-3). Add sufficient HCfl (l-|-3) so that the total volume of the acid 
amounts to about 200 cc and enough ether to make its total volume 150-200 cc and 
shake vigorously for several min. Allow the layers to separate, run off the acid layer, 
and wash the ether once with 100 cc of the dilute HCI and then with several portions 
of H20 until the HjO washings are no longer acid to methyl orange. If a few unde- 
composed lumps of Pb .soap remain (indicated by solid particles remaining after the 
third washing with H 2 O), break these up by running off almost all the water layer 
and then add a little HCl; shake, and continue the washing with H 2 O as before. 
Distil the ether from the soln of insoluble fatty acids and dry the latter in the flask 
by adding a little absolute alcohol and evaporating on a steam bath. Dissolve the 
dry fatty acids by warming with 100 (;c of 90% alcohol by volume. Cool slowly to 
15°, shaking to aid crystallization. Allow to stand at 15° for 30 min. In the presence 
of peanut oil, crystals of arachidic acid will separate from the soln. Filter, and wash 
the precipitate twice with 10 cc of alcohol, 90% by volume, and then with alcohol, 
70% by volume, taking care to maintain the arachidic acid and the wash solns at a 
definite temp, in order to apply the solubility corrections given below. Dissolve the 
arachidic acid upon the filter with lioiling absolute alcohol, evaporate to dryness in 
a weighed dish, dry, and weigh. Add to the weight 0.0025 g for each 10 cc of 90% 
alcohol used in the crystallization and washing, if conducted at 15°; if conducted at 
20°, add 0.0045 g for each 10 cc. The melting point of arachidic acid thus obtained 
is 71-72. Twenty times the weight of arachidic acid will give the approximate quan- 
tity of peanut oil present. Arachidic acid has a characteristic appearance and may 
be identified under the microscope. As little as 5-10% of peanut oil can be detected 
by this method. 
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41 COLD TESTa— TEWTATIVE 
(Applicable to all salad oils except olive oil.) 

Fill a 4 oz sample bottle with the oil at a temp, of 25“*, insert the cork stopper 
tightly, and seal with paraffin. Submerge the bottle completely in a bucket contain- 
ing finely cracked ice and add H 2 O until it rises to the top of the bottle. Keep the 
bucket filled solidly with the cracked ice by removing any excess HjO and adding 
ice when necessary. At the end of 5 hours remove the bottle and examine the oil. If 
it is properly wintered, the sample will he brilliant, clear, and limpid. 

SESAME OIL 

42 Baudouin Test — 

Dissolve 0.1 g of finely powdered sugar in 10 cc of II Cl, add 10 cc of the oil to 
be tested, shake thoroly for 1 min., and allow' to stand for 10 min. In the presence 
of even a very small admixture of sesame oil, the aqueous soln is colored crimson. 
It should be observed that some olive oils, especially those of African or Spanish 
origin, give pink or crimson colors. These can be readily differentiated from the 
color due to sesame oil by the modified Villa vecchia test, 43. 

43 Modified Villavecchia Test-* — Official 

Add 2 cc of furfural to 100 cc of 95% alcohol. Mix thoroly 0.1 cc of this soln with 
10 cc of HCl and 10 cc of the oil to be tested Idv shaking them together in a test tube 
for 15 seconds. Allow the mixture to stand for 10 min., observe color, add 10 cc of 
HjO, shake, and again observe the color. If the crimson color disappears, sesame oil 
is not present. (As furfural gives a violet tint with HCI, it is necessary to use the 
very dilute soln specified.) 

44 DETECTION OF FOREIGN FATS CONTAINING TRIWEARIN IN LARD«~TENTATIVE 

Weigh 5 g of the melted and filtered lard into a glass-stoppered cylinder and add 

20 cc of warm acetone. Mix w'eil, taking care that the soln is clear and has a temp, 
above 30°. Let stand at a constant temp, of 30° for 16-18 hours. A fine mass of crys- 
tals occupying a volume of not more than 3 cc should then be found at the bottom 
of the cylinder. Should the volume of crystals materially exceed 3 cc, take a smaller 
quantity of lard (3-4 g) for a new' test. Should no crystals be deposited, as may be 
the case with soft or oily lard, absence of tristearin is indicated. Decant the super- 
natant acetone soln from the crystallized glycerides. Add w'arm (30-35°) acetone in 
three portions of 5 cc each from a small wash bottle, taking care not to break up 
the deposit in washing, and decant the first two portions. Actively agitate the third 
portion in the cylinder, and by a quick movement transfer the crystals to a small 
filter paper. Using the wash bottle, wash the crystals with 5 successive small por- 
tions of the w'arm acetone and remove excess acetone by suction. Spread out the 
paper and its contents, breaking up any large lumps and allow to dry in air at room 
temp. Thoroly comminute the mass and take the melting point of the crystals in 
a closed 1 mm tube, using an apparatus similar to that indicated under 15. Heat the 
H 2 O in the beaker rapidly to about 55° and maintain this temp until the thermom- 
eter carrying the melting point tube registers 50°, then heat again and raise the 
temp, of the outer bath rather quiclUy to 67°. Remove the burner. The melting point 
is reached when the fused substance becomes perfectly clear and transparent. When 
the melting point of the glycerides obtained by this method is below 03.6° the pres- 
ence of beef fat or other fat containing tristearin should be suspected, and a melting 
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point of 63.2® or lower is evidence that the sample is not pure iard. It is advisable 
to carry out the method with a control sample of pure lard. 

The conclusion indicated by the melting point may be confirmed by taking the 
melting point of the fatty acids prepared from the glycerides. After determining the 
melting point, transfer the crystallized glycerides to a 50 cc beaker, add 25 cc of 
approximately 0,5 N alcoholic KOH, and heat on a steam bath until saponification 
is complete. Pour the soln into a separatory funnel containing 200 cc of H 2 O, acidify, 
add 75 cc of ether, shake, and let stand. Draw off the aqueous acid layer and wash 
the ether soln at least 3 times with H 2 O. Transfer the ether soln to a clean dry 50 cc 
beaker, volatilize ether on the steam bath, and finally dry the acids at 100®. After 
about 2 hours, determine the melting point. 

Conclusions may be confirmed further by precise determinations of the mean 
molecular weight of the separated fatty acids. Use a 0.5-0. 2 N standard KOH soln 
and dissolve them in colorless, redistilled alcohol, which has been carefully neutral- 
ized immediately before use. If the sample is pure lard, the mean molecular weight 
of the fatty acids should correspond closely to that of the fatty acids of a-palmltodi- 
stearin, 274.67. If the sample is impure, the mean molecular weight should tend to 
approach that of the fatty acids from tristearin, 284. 

FISH OIL AND MARINE ANIMAL OILS IN THE PRESENCE OF VEGETABLE OILS AND IN THE 
ABSENCE OF METALLIC SALTS 

45 Qualilalive Test — Tentative 

Dissolve in a test tube about 6 g of the oil in 12 cc of a mixture of equal parts of 
CHCls and glacial acetic acid. Add Br, dropwise, until a slight excess is indicated by 
the color, keei)ing the soln at about 20®. Allow t he mixture to stand 15 min. or more 
and then place the test tube in boiling H 2 O. If vegetable oils only are present, the 
soln will be perfectly clear, but fish oils will remain cloudy owing to the presence of 
insoluble bromides. 

46 COLORING MATTERS— TENTATIVE 

Into each of four 500 cc separators measure out four 100 cc portions of the oil and 
dilute each funnel with 100 cc of low-boiling gasoline. Extract two or three times 
wdth 50 cc portions of 2 A' Na 2 C 03 , passing same successively thru each funnel. If a 
yellow or pink color is obtained, test for Sudan G, annatto, or turmeric. Then ex- 
tract the oil soln successively with three 50 cc portions of a mixture consisting of HCl 
and glacial acetic acid (1 -f-5). A pink or red lower layer indicates aniline yellow (7) 
[15], butter yellow (10) [19], yellow AB ( — ) [21], or yeUow OR ( — ) [61]. For de- 
tailed sejjaration see XXI. 

COTTONSEED^' 

47 SAMPLING 

Use a portion of the sample of cottonseed received at the laboratory of approxi- 
mately 1000 g (2} lbs.) of cleaned seed (to be known as the laboratory sample). It 
should be received sealed in an air-tight container and should be accompanied by 
a statement, certified by tlie sampler, giving the weight of the original sample and 
of the foreign matter separated by him. 

48 FOREIGN MAT^R 

Examine the laboratory sample immediately and if found not to have been 
thoroly cleaned carefully weigh and reclean by use of a O-mesh screen and by the 
hand-picking of all remaining particles of foreign matter. Calculate the percentage 
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of foreign matter by dividing the weight of the foreign matter reported by the 
sampler by the weight of the original sample and correcting the result by adding 
the percentage of foreign matter found in the laboratory sample. 



FIG. 39.— MELOY COTTONSEED MIXER AND DIVIDER 

49 MIXING AND QUARTERING 

Mix the cleaned laboratory sample and quarter by one of the following methods: 
fa) Place the sample in an approved mechanical mixer (MacLellati mixer No. 
OO-iS) and mix by revolving 10 times at the rate of 5 revolutions a minute. After 
mixing, empty the sample onto a large piece of paper, press, and quarter with a 
large spatula. Separate quadrants Nos, 1 and 3 from quadrants Nos, 2 and 4. Im- 
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mediately return quadrants Nos. 1 and 3 to the original container, seal, and retain 
as a referee sample. Preserve quadrants Nos. 2 and 4 in an air-tight container for 
analysis. When finally using them for analysis, again place on a piece of paper and 
requarter until the combining of opposite quadrants yields two samples of approxi- 
mately 120 g each. Use one of these samples for the determination of free fatty acids. 
Further quarter the other sample to yield two samples of approximately 60 g each, 
using one of these for the moisture determination and the other for oil and ammonia 
determinations. 

(b) Mix and quarter the laboratory sample by passing the entire sample thru the 
cottonseed sample divider as illustrated (Fig, 39). (A perfect mix can be accom- 
plished by passing the entire sample thru the divider 2 or 3 times.) After mixing, 
reserve one of the two portions resulting from the division, of approximately 500 g 
each, as a referee sample. Again pas^the second portion thru the divider. Reserve 
one of the re.sultiiig two portions, of approximately 250 g each, for emergency check 
analysis. Return the second portion thru the divider and use one of the resulting 
portions, of approximately 125 g each, for the determination of free fatty acids. 
Again divide the remaining portion to yield two portions of approximately 62 g 
each and use one portion for the moisture determination and the other for the oil 
and ammonia determinations. 

50 MOISTURE 

Use one of the following methods: 

(a) Carefully crack each seed coat by means of an approved laboratory crimper. 
Weigh duplicate samples of about 5 g eacli into A1 dishes 2 in. in diameter and 
i in. high, fitted with covers. Dry for 5 hours at 101° in a jacketed oven or a forced- 
<lraft circulatory oven of approved type. Do not open the oven during the drying 
period; if this is unavoidable extend the actual time sufficiently to offset any tem- 
porary cooling due to opening the oven. When the drying period is over, place the 
cover on the dish and place the dish in an efficient desiccator until cool (30 min.). 
Weigh the sample and calculate the loss in weight as moisture. 

(Note. — For use in cracking the seed coats an ordinary tinner’s crimper, when 
properly adjinsted, is approved, A more satisfactory cracker, which may be used also 
for hulling dried cottonseed for the separation of the kernels or meats, can be 
made by substituting steel rollers for the rubber-covered rollers of a clothes wringer, 
the lower roller being knurled and the upper roller grooved.) 

(b) Weigh into shallow moisture dishes duplicate samples of about 5 g each of 
the whole uncracked seed and distribute the seed evenly. Place the uncovered dishes 
containing the samples in the oven specified under (a) at 101° for 12-16 hours, or 
moat conveniently, overnight. Remove the dishes from the oven, cover, cool in an 
efficient desiccator 30 min., and weigh. Calculate the loss in weight as moisture. 

51 PREPARATION OF SEED FOR OIL AND AMMONIA DETERMINATIONS 

Dry the approximately 60 g portion, quartered out for the purpose, for 2 hours 
at 130°, ±3°, in an approved type of uniform forced-draft circulatory oven. Absorb 
into the inner walls and bottom of a porous earthenware vessel (such as a 3 in. 
flower pot) 1.5 ce of UCl. (The acid should be well distributed over the sides and 
bottom of the pot. When the acid has been absorbed the pot should appear dry; 
if it does not it was probably not in proper condition for this use,) 

Place the dried seed in the pot, cover with a watch-glass, and place it in a fuming 
oven (a well-ventilated noncorrosive oven capable of reaching and maintaining a 
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temp, of 125°, + 5°) for 1 hour. (When the seed is fumed, the lint should be loose 
and brittle, but not scorched.) Grind the sample in a Bauer mill (No. 148 laboratory 
mill with No. C912 plate), which has been adjusted to produce a fine meal. After 
grinding, open the mill and carefully brush out all remaining ground seed onto a 
large sheet of smooth paper. (There should be practically no loss of material in 
grinding.) 

Mix the ground sample thoroly, preferably by placing it in a 2 quart Mason 
fruit jar together with a large rubber stopper. Replace the cover and shake vio- 
lently until the ground material is thoroly mixed; then transfer to a well-stoppered 
bottle or container of just sufficient size to hold the material tightly so as to prevent 
percolation or vertical segregation of the components. 

52 MOISTURE IN GROUND SAMPLE 

» 

Weigh 5 g of the fumed and ground sample into a moisture dish and dry at 101° 
for 2 hours in the oven specified in 50(a). Calculate loss in weight as moisture con- 
tent. 

OIL 

53 APP.\K.\TUS 

(a) Extractor . — Butt type. 

(b) Condensers. — AHihn’s with 12 in. jackets, fitted with cork connections. 

54 REAGENT 

Petroleum ether . — Initial boiling temp., 35 40°; dry-flask end point, 50-60°; at 
least 95% distilling under 55°, and not over 85% distilling under 40°; sp. gr. at 60°F., 
0,630-0,675; color, water white; evaporation residue, not over 0.002% by weight; 
doctor test, sweet; copper-strip corrosion test, noncorrosive; trace only of unsatu- 
rated compounds permitted. 

Make the distillation test according to the method of the American Society 
for Testing Materials (standard method D86-27 for distillation test of gasoline) 
and make a blank by evaporating 250 cc with abovit 0.25 g of stearin or other 
hard fat f previously brought to constant weight by heating) and drying as in the 
actual determination. The blank must not exceed a few mg. 

55 DETERMINATION 

Weigh accurately duplicate samples of 4 5 g of the fumed and ground seed and 
spread each portion in a thin layer on a 150 mm filter paper (Reeve-Angel No. 211 
or equivalent grade); fold the paper over the sample at a point about one-quarter 
the distance from each of two opposite sides to the center; wrap by coiling from one 
of the unfolded sides into a cylinder; and rewrap in a second paper or papers in such 
manner as to prevent escape of the meal, leaving the top of the second paper open 
like a thimble. Place a piece of absorbent cotton in the top of the thimble to dis- 
tribute the <lropping ether. Place 25 cc of the petroleum ether in a tared flask, 125 cc 
capacity, and extract the sample for 4 hours. (The ether should drop on the center 
of the thimble at a rate of at least 150 drops per min., and the volume of the solvent 
should be kept approximately constant.) Then evaporate the solvent until no trace 
remains, cool the sample to room temp., and weigh. As the last traces of ether are 
sometimes difficult to detect by odor, in case of doubt evaporate for an hour, or 
longer, until constant weight is obtained. Calculate the oil content as shown in the 
following example; 
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Petroleum ether extract 1.025 grams 

Original moisture 12.2% plus total foreign matter up to and 

including 1.0% 12,2+0.8-13.0 

Second moisture 2.6 

1.025 87 , 

-5“Xi,r4“ 

56 AMMONIA 


Digest 1.7034 g of the sample in a 050-800 cc Kjeldahl flask with approx imatel}" 
0.5 g of metallic Hg or 0.7 g of HgO, 10 g of Na2S04 or KjSO^, and 25 cc of H2SO4 
(sp, gr. 1.84). Place the flask in an inclined position and heat below the boiling point 
of the acid from 5 to 15 min., or until frothing has ceased. Increase the temp, and 
continue digestion until the liquid becomes colorless, or until complete digestion is 
obtained. From this point use the regular Kjeldahl method, omitting the addition of 
KMnO^. 

After cooling the mixture add about 300 cc of distilled IIjO, a few granules of Zn 
to keep the contents of the flask from bumping, and 25 cc of the K^S or Na2S20s soln, 
or a sufficient quantity to precipitate all the Hg. After mixing thoroly, add 60 cc of 
caustic soda soln (sp. gr. 1.50), or sufficient to make strongly alkaline, pouring the 
soln down the side of the flask so that it does not mix at once with the acid soln. 
Connect the flask with a condenser of block tin, mix the contents of the flask by 
shaking, and distil into an accurately measured quantity of standard H2SO4 soln 
(0.5 N) to which has been added 50 cc of H2O, until at least 200 cc of distillate is 
obtaine<l, taking care that the delivery tube reaches below the level of the standard 
acid. Add about 1 cc of a 0.2% aqueous soln of sodium alizarin sulfonate as the 
indicator. (Either cochineal or methyl red may be used as the indicator, but with 
methyl red the solti is titrated hot.) Then titrate the distillate with a standard 0.25 
N' NaOH soln. 

By using 1.7034 g of sample for the analysis, the number of cc of 0.5 N acid re- 
quired for the neutralization of the distilled NH3, divided by 2, gives the percentage 
of NHj. 

Make a blank test on all reagents and correct the titration of the above distillate 
accordingly. 


57 

Example: 


CALCULATION 


0.5 N HCl measured into flask 

0.5 iV HCl for blank test on reagents 
0.25 N NaOH used in titration 


10-0.06 2.68 


= 4.30% ammonia in fumed seed 


cc 

10.00 

0.06 

2.68 


Original moisture 3.1 

Moisture in fumed seed 2.0 

Foreign matter, up to 1.0 0.9 

i_ ^ - 3 99 (v ii,nimonia in original seed 

0.98 

58 FREE FATTY ACIDS 


Heat 200 g of the original clean sample of seed for 30-40 min. at a temp, of 100- 
lOS'’, and cool. Pass the cooled seed thru a Bauer mill set to merely crack all the 
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seed. Separate the meats from the hulls by the use of a 4-6 mesh screen. Grind the 
meats in a Ruswine No. 1 food chopper equipped with 16-tooth blade. Thoroly mix 
the sample and pass thru a 15-mesh screen so as to remove any remaining lint or 
hulls. (Proper grinding and complete separation of meats from hulls are essential 
points in obtaining concordant results.) Without undue loss of time quarter the 
thoroly mixed ground meats so as to obtain at least a 40 g sample. Extract this 
sample by cold percolation in the following manner: Place the lower disk from a 
Knorr extraction apparatus in a Butt tube and place on it a layer of asbestos fiber 
suspended in petroleum ether, (A satisfactory mat should allow none of the meats to 
pass thru but should allow the extracting solvent to flow thru at about 150 drops 
per min.) Place the sample in the prepared tube, and add 50 cc of petroleum ether 
followed by two portions of 25 cc each of petroleum ether, allowing each portion to 
flow thru before adding the next portion. Allow the extracted oil to remain on the 
steam bath for hours to completely remove all trace of the solvent. Weigh 7.05 g 
of the oil into a titrating flask; add 30 cc of neutralized alcohol, 10 cc of petroleum 
ether, 1 cc of 1% phenolphthalein; and titrate the free fatty acid of the oil with 
standard 0.25 A’’ alkali. Shake the flask vigorously during the titration, and take 
as the end point a permanent pink which persists for at least one min. 

28.2 Xnormality of alkaliXcc used 
% r. F. A. = — ^ i • 

weight of oil 

If results indicate a free fatty acid content of 4% or higher, duplicate the com- 
plete test. 
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SALICYLIC ACID 

1 PREPARATION OF SAMPLE— OFFICIAL 

(a) Non-alcoholic liquids. — Many liquids may be extracted directly as described 
under 2 or 4 without further treatment. If troublesome emulsions form during ex- 
traction, pipet 100 cc into a 250 cc volumetric flask, and add about 5 g of NaCl, 
shaking until dissolved. Make up to the mark with 95% alcohol, shake vigorously, 
allow the mixture to stand for 10 min. with occasional shaking, filter, and treat an 
aliquot of the filtrate as directed under (b). 

(b) Alcoholic liquids.' -Make 200 cc of the sample alkaline with approximately 
10% NaOH soln, using litmus paper as an indicator, and evaporate on a steam bath 
to about I its original volume. Dilute to the original volume with HjO and filter if 
necessary. 

(c) Solid or semi-solid substances. — Grind the sample and mix thoroly. Transfer 
a convenient quantity (50-200 g according to the consistency of the sample) to a 
500 cc volumetric flask, add sufficient H2O to make a volume of about 400 cc, and 
shake until the mixture becomes uniform. Add 2-5 g of CaCU and shake until dis- 
solved; render distinctly alkaline with approximately 10% NaOH soln, using litmus 
paper as an indicator; fill to the mark with H2O, shake thoroly, allow to stand for 
at least 2 hours, shaking frequently, and filter. 

QUALITATIVE TESTS 

2 Ferric Chloride Test — Oficial 

Introduce 50 cc of the sample or an equivalent quantity of an aqueous extract, 
prepared as directed under 1, into a separatory funnel; add 1/10 its volume of HCl 
(l-j-3) and extract with 50 cc of ether. If the mixture emulsifies, add 10-15 cc of 
petroleum ether (b.p. below 60°) and shake. If this treatment fails to break the 
emulsion, whirl the mixture in a centrifuge, or allow it to stand until a considerable 
portion of the aqueous layer has separate<l; run off the latter, shake vigorously, and 
again allow to separate. Wash the ether layer with two 5 cc portions of H2O, evapo- 
rate the greater portion of the ether in a porcelain dish on a steam bath, allow the 
remainder to evaporate spontaneously, and add a drop of 0.5% neutral FeClj soln. 
A violet color indicates salicylic acid. 

If Coloring matter or other interfering substance is present in the residue left after 
evaporation of the ether, purify the salicylic acid by one of the following methods: 

(a) Dissolve the original residue from the ether extract, ohtainetl as directed 
above, in about 25 cc of ether; transfer this soln to a separatory funnel and shake 
with an equal volume of H2O made distinctly alkaline with several drops of 10% 
NH4OH. Allow to separate, filter the aqueous layer thru a wet filter into a porcelain 
dish, evaporate almost to dryness, and test the residue as directed previously. 

(b) Dry the original residue from the ether extract, obtained as directed above, 
in a desiccator over HjSO^ and extract with several 10 cc portions of CSz or pe- 
troleum ether (b.p. below 60^), rubbing the contents of the dish with a glass rod and 
filtering the successive portions of the solvent thru a dry paper into a second por- 
celain dish. Evaporate the greater portion of the solvent on a steam bath, allow 
the remainder to evaporate spontaneously, and teat the residue as directed pre- 
viously. 
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(c) By means of a few co of ether, transfer the original residue from the ether ex- 
tract, obtained as directed above, to a small porcelain crucible, and allow the solvent 
to evaporate spontaneously. Cut a hole sufficiently large in an asbestos board to 
admit about f of the crucible, cover with a small, round-bottomed flask filled with 
cold H2O, and heat over a small Bunsen flame until any salicylic acid present has 
sublimed and condensed upon the bottom of the flask. Test the sublimate as di- 
rected previously. 

3 Jornmi Tesi"^ — OjfLcial 

Dissolve the residue from the ether extract, obtained as directed under 2, or, if 
impurities are present, the purified material obtained as directed under 2(a), (b), 
or (c), in a little hot H2O. Cool 10 cc of the soln in a test tube; add 4 or 5 drops of 
10% KNO2 soln, 4 or 5 drops of acetic acid (approximately 50% soln), and 1 drop 
of 1% CuSO< soln; mix thoroly, boil the liquid for half a min., and allow to stand 
for 2 min. In the presence of salicylic acid a Bordeaux-red color develops. 

QUANTITATIVE METHOD— OFFICIAL 

4 EXTRACTION 

Transfer to a separatory funnel 100 cc of the sample, or that quantity of a soln 
prepared as directed under 1 which represents not less than 20 g of the original ma- 
terial. Neutralize to litmus with HCl (l-fH) and add an excess of HCl equivalent 
to 2 cc of acid for each 100 cc of soln. Extract with 4 separate portions of ether, using 
for each extraction a volume of ether equivalent to -2 the volume of the aqueous 
layer. If an emulsion forms on .shaking, this may usually he broken by adding a 
little (J the volume of the ether layer) petroleum ether (b.p. below 60*^) and shaking 
again, or by centrifuging. If a small (piantity of emulsion still persists, allow it to 
remain with the aqueous layer, where frequently it is broken during the next ex- 
traction. If an emulsion remains after the fourth extraction, separate it from the 
clear ether and the clear acpieous layer and extract it separately with 2 oi' 3 small 
portions of ether. Combine the ether extracts, wash with a volume of H2O equal to 
1/10 of the total volume of ether extracts, allow the layers to separate, and reject 
the aqueous layer. Wash in this way until the aqueous layer after separation yields 
a yellow color upon the addition of methyl orange soln and 2 drops of 0.1 N NaOH. 
Distil slowly the greater part of the ether, transfer the remainder to a porcelain dish, 
and allow it to evaporate spontaneously. If no interfering substances arc present, 
proceed as directed under 5; if interfering substances are present, purify the residue 
by one of the following methods; 

(a) Thoroly dry the residue in vacuo over HjSOi. Extract it 10 times with 10-15 
cc portions each of CS2 or petroleum ether (b.p. below 60”), rubbing the contents of 
the dish with a glass rod, and filter the successive portions of the solvent thru a dry 
filter into a porcelain dish. Test the extracted residue with a drop of 2% ferric alum 
soln, and if it gives a reaction for salicylic acid, dissolve it in H2O; acidify the soln 
with HCl (1+3), extract with ether, evaporate, extract the dry residue thus ob- 
tained with (‘82 or petroleum ether, and add to the extract first obtained. Distil the 
greater portion of the CS2 or petroleum ether and allow the remainder to evaporate 
spontaneously. Proceed as directed under S. 

(b) Dissolve the residue in 40-50 cc of ether. Transfer the ether soln to a separa- 
tory funnel and extract with 3 successive 15 cc portions of 1% NH4OH. (If fat is 
known to be present in the original ether extract, extract the latter directly with 4 
portions of the NH*OH instead of 3.) Combine the alkaline aqueous extracts, acid- 
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ify, again extract with ether, and wash the combined ether extracts as directed pre- 
viously, Slowly distil the greater portion of the ether, allow the remainder to evapo- 
rate spontaneously, and proceed as directed under 5. 

5 DETERMINATION* 

Dissolve the residue, 4, in a small quantity of hot H2O, and after cooling dilute 
to a definite volume (usually 50 or 100 cc). If the soln is not clear, filter thru a dry 
filter. Dilute aliquots of the soln and treat with 0.5% FeClj aoln or 2% ferric alum 
soln until the maximum color is developed. Generally a few drops will suffice. 

(The ferric alum soln should be boiled until a precipitate appears, allowed to 
settle, and filtered. The acidity of the soln is slightly increased in this manner, but 
the soln remains clear for a considerable time, and the turbidity caused by its dilu- 
tion with II2O is much less and does not appear so soon as when the unboiled soln 
is used. This turbidity interferes with the exact matching of the color.) 

Compare the colors developed with the color obtained when a standard salicylic 
acid soln (containing 1 mg of salicylic acid in 50 cc) is similarly treated, using Ness- 
ler tubes or a colorimeter. In either case, and especially with FeCh, avoid an excess 
of the reagent, altho an excess of 0.5 cc of 2% ferric alum soln may be added to 50 cc 
of the comparison soln of salicylic acid without vitiating the results. 

BENZOIC ACID 
QUALITATIVE TESTS 

6 /. I^reliminary Test --Official 

Extract benzoic acid as directed under 2 or 4. If benzoic acid is present in con- 
siderable quantity, it will crystallize from the ether in shining leaflets having a 
characteristic odor on warming. Dissolve the crystalline depo.sit in hot HjO, divide 
into 2 portions, and test as directed in 7 or 8. The deposit may also be purified as 
directed under 2(c) and the melting point determined. 

7 II. Ferric Chloride Te.st— Official 

Make the soln from 6 alkaiim^ with a few dr<)[>.s of expel the excess of 

XH3 by evaporation, dissolve the residue in a few cc of hot H3O, filter if necessary, 
and adil a few drop.s of a neutral 0.5% FeCb soln. A salmon-colored precipitate of 
ferric benzoate indicates the presence of lienzoie acid. 

8 III. Modijied Mohler Te.il^ —Official 

(The pre.sence of phenolphtlialein interferes with this test.) 

Add to the II2O soln, prepared as described under 6, 1 or 2 drops of about 10% 
X'aOH soln and evaporate to drynes.s. To tbe residue add 5 10 drop.s of IIjSOj and 
a small crystal of KNO^. Heat for 10 min. in a bath (glycerol) at 120-130'’ (the temp, 
must not exceed 130“). After cooling, add 1 cc of HjO and make distinctly ammoni- 
acal. Roil the soln to decompose any XlDNOi that might have been formed. Cool, 
and add a drop of fresh, colorless (Nn4)2S soln, but do not allow the layers to mix. 
A red-brown ring indicates benzoic acid. On mixing the color diffuses thru the wffiole 
liquid, and on heating finally ebanges to greenish yellow. This change differentiates 
benzoic acid from salicylic acid or cinnamic acid. The salicylic and cinnamic acids 
form colored compounds that are not destroyed by heating. 
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QUANTITATIVE METHODS— OFFICIAL 
PREPARATION OF SAMPLE 

9 General Method 

Mix the sample thoroly, grinding if solid or semi- solid. Transfer 150 cc or 150 g 
to a 500 cc volumetric flask, add enough pulverized NaCl to saturate the H 2 O in the 
sample, make alkaline to litmus paper with 10% NaOH soln or with milk of lime, 
and dilute to the mark with saturated NaCl soln. Shake thoroly, allow to stand for 
at least 2 hours, with frequent shaking, and filter. 

If the sample contains large quantities of fat, portions of which may contaminate 
the filtrate, add a few cc of the NaOH soln to the filtrate and extract with ether 
before proceeding as directed under 11. If alcohol is present, proceed as directed 
under 10(c). If the sample contains large quantities of matter precipitable by salt 
soln, proceed as directed under 10(d). 

10 S pedal M etkods 

(a) Ketchup. — To 150 g of the ketchup add 15 g of pulverized NaCl, and transfer 
the mixture to a 500 cc volumetric flask, rinsing with about 150 cc of saturated 
NaCl soln. Make slightly alkaline to litmus paper with 10% NaOH soln and fill to 
the mark with saturated NaCl soln. Allow to stand for at least 2 hours, shaking fre- 
quently. Squeeze thru a heavy muslin l)ag and filter. 

(b) Jellies, jams, preserves, and marmalades. — Digest 150 g of the sample in about 
300 cc of saturated NaCl solu. Add 15 g of pulverized NaCl. Make alkaline to litmus 
paper with milk of lime. Transfer to a 500 cc volumetric flask and dilute to the mark 
with saturated NaCl soln. Allow to stand for at least 2 hours, shaking frequently; 
centrifuge if necessary, and filter. 

(c) Cider coniaining alcohol, and similar products. — Make 250 cc of the sample 
alkaline to litmus paper with 10% NaOH soln and evaporate on a steam bath to 
about 100 cc. Transfer the sample to a 250 cc voluraetric flask, add 30 g of pulver- 
ized NaCl, and shake until dissolved. Dilute to the original volume, 250 cc, with 
saturated NaCl soln; allow to stand for at least 2 hours, shaking frequently, and filter. 

(d) Sailed or dried fish. — Wash 50 g of the ground sample into a 500 cc volumetric 
flask with HjO. Make slightly alkaline to litmus paper with 10% NaOII soln and 
<lilute to the mark with H.>0. Allow to stand for at least 2 hours, shaking frequently, 
and filter. Pi pet as large a measured portion of the filtrate as possible (at least 300 
cc) into a second 500 cc flask, a<l(ling 30 g of t he pulverized Nad for each 100 cc of 
soln. Shake until the NaCl has dissolved ami dilute to the mark with saturated NaCl 
aoln. Mix thoroly and filter off the precipitated protein and other extraneous matter. 

11 DETERMIN.VriOX 

Pipet a convenient portion (100-200 cc) of the filtrate obtained under 9 or 10 into 
a separatory funnel. Neutralize the soln to litmus paper with HCl (1 +3) and add an 
excess of 5 cc of the same acid. In the case of salted fish a precipitation of protein 
matter usually occur-s on acidifying, but the precipitate does not interfere wdth the 
extraction. Extract carefully with CHCb, using successively portions of 70, 50, 40, 
and 30 cc. To avoid the formation of an emulsion, shake cautiously each time, using 
a rotary motion. The CHCb layer usually separates readily after standing a few 
miji. If an emulsion forms, break it by stirring the (HlCb layer with a glass rod, by 
dravving it off into a second funnel and giving one or two sharp shakes from one 
end of the funnel to the other, or by centrifuging for a few min. As this is a pro- 
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gressive extraction, draw off carefully as much of the clear CHCU soln as possible 
after each extraction, but do not draw off any of the emulsion with the CHCU layer. 
If this precaution is taten, the CHCI3 extract need not be washed. 

Transfer the combined CHCla extracts to a porcelain evaporating dish, rinse the 
container several times with a few ce of CHCb, and evaporate to dryness at room 
temp, in a current of dry air. 

The extract may also be transferred from the separatory funnel to a 300 cc Erlen- 
meyer flask, the separatory funnel being rinsed 3 times with 5-10 cc portions of 
CHCI3. Distil very slowly at a low temp, to about ^ the original volume. Then trans- 
fer the residue to a porcelain evaporating dish, rinsing the flask 3 times with 5-10 
cc portions of CHCI3, and evaporate to dryness at room temp, in a current of dry air. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 
product is a ketchup) in a desiccator containing H2SO4. Dissolve the residue of 
benzoic acid in 30-50 cc of 95% alcohol neutral to phenolphthalein; add about J this 
volume of H2O and 1 or 2 drops of phenolphthalein indicator, II, 10(d); and titrate 
with 0.05 .V NaOH. 1 cc of 0.05 X NaOH =0.0072 g of anhydrous Na benzoate. 

SACCHARIN 

12 PREPARATION OF SAMPLE-OFFICIAL 

(a) Fruit juices and sirups. — Transfer 100 200 g of the sample to a 250 cc volu- 
metric flask by means of a little H2O and dilute to about 200 cc with H2O. Add 
5 cc of glacial acetic acid and mix. .\dd a slight excess of 20% neutral Pb acetate 
soln, mix thoroly, dilute to the mark with II2O, again mix thoroly, and filter. 

(b) Alcoholic liquids. — ^Heat 100 200 cc of the liquid on a steam hath to remove 
alcohol, this being accomplished in most cases by evaporating to J the original vol- 
ume, With heavy sirups, dilute the liquid with an eiiual volume of H^O before be- 
ginning the evaporation. After the alcohol has been removed, transfer to a 250 cc 
volumetric flask and proceed from this point as directed under (a). 

(c) Solid or semi-solid preparations. — Transfer 50 75 g of the sample to a 250 cc 
volumetric flask by means of a little hot H;0 and add sufficient boiling H2O to make 
the volume about 200 cc. .\llow the mixture to stand for 2 hours, shaking occasion- 
ally. Then add 5 ce of glacial acetic acid, mix thoroly, add a slight excess of 20% 
neutral Pb acetate soln, dilute to the mark with cold IDO, mix, allow to stand for 
20 min., and filter. 

13 QUALITATIVE TEST— OFFICUL 

fa) Acidify 50 cc of non-alcoholic liquid foods or the aqueous extract of 50 g of a 
solid or semi-solid product, prepared as directed under 12, with IK'l and extract 3 
times with 25 cc portions of ether. Wash the combined ether extracts once with 5 cc 
of HjO, tran.sfer to a small beaker or evaporating dish, allow the ether to evaporate 
spontaneously, arul taste the residue. The presence of as little as 20 mg of saccharin 
per liter or kg of the original sample can usually be detected by its sweet taste. Con- 
firm by heating with XaOH and detecting the salicylic acid formed thereby a.s 
directed under fb). 

fb) Acidify .50 cc of a non-alcoholic liquid food, or an equivalent quantity of an 
aqueous extract prepared as directed under 12, with HOI and extract with 3 portions 
of ether as directed under fa), Dissolve the residue remaining after evaporation of 
the ether in a little hot H2O and test a small portion of the soln for salicylic acid 
as directed under 2 or 3. Dilute the remainder of the soln to about 10 cc and a<ld 2 
cc of HjSO^ (1 +3). Heat to boiling and add a slight excess of 6% KMiiO^ soln drop- 
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wise; partly cool the soln, dissolve approximately 1 g of NaOH in it, and filter the 
mixture into an Ag dish (silver crucible lids are well adapted to the purpose). Evapo- 
rate to dryness and heat for 20 min. at 210-215”. Dissolve the residue in HjO, acid- 
ify with HCl, and test the ether extract for salicylic acid as directed under 2 or 3. 
By this method all the so-called "false saccharin" and any salicylic acid naturally 
present (also added salicylic acid when not present in too large a quantity) are de- 
stroyed, whereas 5 mg of saccharin per liter is detected with certainty. 

QUANTITATIVE METHODS 

14 /. General Method — OJficial 

Transfer 150 cc of the filtrate obtained under 12 to a separatory funnel, add 15 cc 
of HCl, and extract 3 times with SO cc portions of ether, shaking the separatory 
funnel for 2 min. each time. Wash the combined ether extracts once with 5 cc of 
HjO, remove the ether by distillation, and transfer the residue to a Ft crucible by 
means of a little ether; or, if substances difficultly soluble in ether are present, use 
alternately small portions of H 2 O and ether. Evaporate the ether on a steam bath, 
add to the residue 2-3 cc (or enough to make the mixture strongly alkaline) of a 10% 
NajCOs soln, rotate so that ail the saccharin is brought in contact with the soln, and 
evaporate to dryness on a steam bath. To the dry residue in the crucible add 4 g of 
a mixture of equal parts of anhydrous Na 2 C 03 and K 2 CO 3 . Heat gently at first and 
then to complete fusion for 30 min. over an alcohol or other S-free flame. The fusion 
may be contiucted by closely fitting the crucible into a hole cut into a piece of heavy 
asbestos board so that 5 of the crucible i)roiects above the asbestos, and heating the 
lower portion of the crucible by means of a large Bunsen, Meker, or similar burner. 
Cool, dissolve the melt in IDO, add about 5 cc of Br water, acidify with HCl, filter, 
wash the paper with a little IDO, dilute the filtrate and washings to about 200 cc, 
heat to boiling, and slowly add an excess of BaCD soln (approximately 10%). Allow 
to stand overnight, collect the BaSO^ 011 a filter or on a Ft Gooch crucible, wash 
until free from chlorides, dry, ignite, cool, and weigh. Correct the result thus ob- 
tained for any S present in the fusion mixture as found by a blank determination. 
Calculate the equivalent quantity of saccharin by multiplying the corrected weight 
of BaSO* by 0.7844. 

(Instead of the mixed Na and K carbonates, 3-4 g of Na202 may be used for the 
fusion. In this case a Ni crucible must be used, and the time of fusion may be re- 
duced to 5 min. The separation of a little PbCD during the extractions does not 
interfere with the accuracy of the method.) 

15 II. Special Method — Official^ First Action 

In non-alcoholic hvverages .^ — Add 2 cc of HCl to 50 cc of the drink contained in a 
separatory funnel. Extract with two successive 50 cc portions of ether. Filter the 
ether extractions thru cotton, and wash the combined filtrates with approximately 
5 cc of distilled H 2 O to which has been added 1 drop of HCl. 

Separate the ethereal layer and evaporate to dryness on a water bath. Add to 
the residue 6 cc of IDO and 6 cc of H('l and evaporate the soln to about 1 cc on a 
hot plate with constant stirring. Again add 5 cc of distilled IDO and 6 cc of HCl and 
evaporate to about 1 cc. Dilute to 50 cc with ammonia-free HjO and dilute 5 cc of 
this soln to 25 cc with ammonia-free IDO. Add 2.5 cc of Nessler s reagent, XXXVII, 
10(a), and compare with NIDCl standards in the usual manner; 0.2923 g of dry 
NH 4 CI = 1 g of saccharin, insoluble form, and = 1.39 g of the sodium salt of the 
Pharmacopoeia crystallizing with 2 molecules of HjO of hydration. For convenience 

435 



XXXII 


METHODS OF ANALYSIS 


l)rei)iire an NH*C1 stainlard e(iuivaleut to 200 p.p.m. of the insoluble form of 
saceharin. 

BORIC A£ID AND BORATES 

16 QUALITATIVE TEST<~OFPICIAL 

Preliminary test . — Acidify the sample with HCl in the proportion of 7 ec of acid 
to each 100 cc of sample. In case of solid or pasty samples heat with enough H 2 O 
to make sufliciently fluid before acidifying. Immerse a strip of turmeric paper in 
the acidified liquid, and allow the paper to dry spontaneously. If borax or H3BO3 
is present, the paper will acquire a characteristic red color, changed by NH4OH to 
a dark blue-green, but restored by acid. 

Confirmatory test . — Make about 25 g of the sample decidedly alkaline with lime 
H 2 O and evaporate to dryness on a steam Ijath. Ignite the dry residue at a low red 
heat until the organic matter is thoroly charred. Cool, digest with about 15 cc of 
H 2 O, and add HCl dropwisc until the soln is distinctly acid. Immerse a piece of 
turmeric paper in the soln and allow it to dry without heat. In the presence of borax 
or IljBOa, the color change will be the same as described under the preliminary teat. 

17 QUANTITATIVE METHOD ^OFFICIAL 

Make 10-100 g of the sample (depending upon the nature of the material an<I the 
quantity of present) distinctly alkaline with NaOH soln and evaporate to 

dryness in a Ft dish. Ignite the residue until the organic matter is thoroly charred, 
avoiding an intense red heat; cool, digest with about 20 cc of hot H 2 O, and add HCl 
dropwise until the reaction is distinctly acid. Filter into a 100 cc volumetric flask 
and wash with a little hot H^O. The volume of the filtrate should not exceed 50-60 
cc. Return the filter containing any unoxidized C to the Ft dish, make alkaline by 
wetting thoroly with lime H 2 O, dry on a steam bath, and ignite to a white ash. 
Dissolve the ash in a few cc of HCl (1 -b3) and add to the liquid in the 100 cc flask, 
rinsing the dish with a few cc of ICO. To the combined solus, add 0.5 g of CaCC and 
a few drops of phenolphthalein indicator, then 10% NaOH soln until a permanent 
light pink color is produced. Finally dilute to the mark with lime HjO, mix, and 
filter thru a dry filter. To 50 cc of the filtrate add I X H 2 SO 4 , II, 19(b), until the pink 
color disappears, then add methyl orange indicator, VI, 3(f), and continue the addi- 
tion of the acitl until the yellow color is changed to pink. Boil for about 1 min. to 
expel CO 2 . Cool, and carefully add 0,2 .V XaOH until the liquid assumes a yellow 
tinge, avoiding an excess of the alkali. f.\ll the boric acid is now in a free state with 
no uncombined H 2 S 04 present.) .\dd 1 -2 g of neutral mantutol and a few drops of 
phenolphthalein indicator, note the buret reading, and again titrate the so’n with 
the standard XaOH until a pink color develops. Add a little more mannitol, and if 
the pink color <lisappears continue the addition of the standartl alkali until a pink 
color reappears. Repeat the alternate addition of mannitol and standard alkali until 
a permanent end point is reached. A volume of glycerol neutral to phenolphthalein 
equal to the volume of the soln to be titrated may be substituted for the mannitol. 
1 cc of 0.2 A" X"aOH soln =0.0] 24 g of boric acid. 

FORMALDEHYDE 

18 PREPARATION OF SAMPLE— OFFICIAL 

If the sample is solid or semi-solid, macerate 200 1100 g of the material with about 
100 cc of H 2 O in a mortar. Transfer to a short-necked, 500- 800 cc Cu or glass dis- 
tillation flask, make distinctly acid with HsPO^, connect with a condenser, and distil 
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40-50 cc. With highly colored liquids, make about 200 cc distinctly acid with H3PO1 
and distil as directed previously. 

QUAUTATIVE TESTS 

IP /. Phenylhydrazin Hydrochloride Test^- -Official 

(Gives reliable reactions for HCHO in solns varying from 1 part in 50,000 to 

1 part in 150,000. Neither acetaldehyde nor bcnzaldehyde interferes with the re- 
action.) 

With milk and other liquids, shake with an equal volume of 95% alcohol, filter, 
and use the filtrate. With meats and fats, extract the HCHO with alcohol and use 
the filtrate. With fat, heat the mixture above the melting point of the fat to insure 
thoro extraction. 

Mix 5 cc of the distillate obtained under 18, or of an alcoholic soln or extract, ob- 
tained as directed previously, with 0.03 g of phenylhydrazin hydrochloride and 4 or 
5 drops of a 1% FeCh soln. Add slowly and with agitation, in a bath of cold H2O to 
prevent heating the liquid, 1-2 cc of H.2SO4. Dissolve the precipitate by the addition 
of either (keeping the mixture cool) or alcohol. In the presence of HCHO a 

re<l color develops. 

20 fl. Hehner TeM' — Official 

Mix in a test tube about 5 cc of the di.stillate obtainetl under 18 with an equal vol- 
ume of pure milk or with a 1-2% soln of egg albumin, and underlay with commer- 
cial H2SO4 without mixing. A violet or blue color at the junction of the two liquids 
indicates HCHO. This color is given only in the presence of a trace of FeCh or other 
oxidizing agent. If only pure acid is available, add a few drops of FeClj soln to the 
acid before making the test. Milk may be treated directly by this method, and it 
gives positive tests in the pre.sence of one or more parts of HCHO per 10,000. Other 
articles of food rich in proteins, for example, egg albumin, give the reaction in the 
presence of H20 wdthout the addition of milk. 

21 II L Leach Test -Official 

Mix in a porcelain casserole about 5 cc of the distillate obtained under 18 with an 
equal volume of pure milk and add about 10 cc of HCi soln containing 2 cc of 10% 
FeClj soln to each liter of acid. Heat to SO 90° directly over the gas flame, rotating 
the casserole to break up the curd. A violet coloration indicates HCHO. 

22 IV. Phenylhydrazin Hydrochloride and Sodium Xiiroiirusside Test^ — Official 

This test may be applied directly to liquid foods, to an aqueous or alcoholic ex- 
tract of solid foods, or to the distillate prepared a.s directed under 18. In the case of 
milk, apply the method directly. With meat, comminute the sample, extract wdth 

2 volumes of hot H2O, and use the expressed liquid for the test. Heat approximately 
10 g of fats above their melting point with 20 cc of alcohol, shake thoroly, cool, filter 
thru a moistened filter, and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydrochloride about the size of a pea in 3-5 cc 
of the liquid to be tested, and add 2-4 drops (not more) of a 5 10% Na nitroprusside 
soln and 8-12 drops of an approximately 10% NaOH soln. If HCHO is present, a 
green or blue color, depending upon the quantity, develops. When HCHO is present 
to the extent of more than 1 part in 70,000-80,000 in the soln tested, a distinct green 
or bluish green coloration is obtained. In more dilute solns the green tint becomes 
less marked, and a yclluvv tinge tending toward greenish brown develops. With this 
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test acetaldehyde and benzaldehyde give a color varying, according to the strength 
of the soln, from red to brown. Therefore, a reaction may be obtained with these 
aldehydes similar to that obtained with HCHO in solns more dilute than 1 part in 
70,000. The presence of acetaldehyde or benzaldehyde together with HCHO gives 
a yellowish or yellowish green tinge. The reaction for HCHO, therefore, may be 
masked by the presence of other aldehydes, but it is characteristic when a clear 
green color is obtained. 

23 V^. Phenylhydrazin Hydrochloride and Potassium Ferri- 

cyartide Test^ -Official 

(Xot applicable in the presence of the coloring matter of blood.) 

Proceed as directed under 22, .substituting a soln of K 3 Fe(CN )9 for the Na nitro- 
prusside. HCHO gives a red color. Alcoholic extracts from foods must be diluted 
with H 2 O to prevent the precipitation of KsFefCN)^. 

24 VL Pkenylhydrazin Hydrochloride and Ferric Chloride Tesi^ — Official 

Treat 15 cc of milk or other liquid food or of the distillate prepared as directed 
under 18 with 1 cc of 1 % phenylhydrazin hydrochloride soln, then with a few drops 
of 1% FeCls Soln, and finally with HCl. The presence of HCHO is indicated by the 
formation of a red color, w'hich changes after some time to orange yellow. Milk may 
be examined directly by this method, but more delicate testa may be obtained from 
the distillate from milk or from milk scrum. Acetaldehyde or benzaldehyde does 
not interfere with the reaction. 

25 YII. Phloroglucol Test^ — Official 

To 10 cc of milk or other liquid food under examination in a test tube add, by 
means of a pipet, 2 cc of phloroglucol reagent (1 g of phloroglucol, 20 g of NaOH, 
and H 2 O to make 100 cc), placing the end of the pipet on the bottom of the tube in 
such a manner that the reagent will form a separate layer. If HCHO is present, a 
bright red coloration {not purple) forms at the zone of contact. 

(This soln give? a yellow color in the presence of some aldehydes, and if it is used 
for the detection of aldehyde formed by the oxidation of methyl alcohol after the 
destruction of acetahlehyde with H^Oj soln, an orange yellow color will slowly ap- 
pear when an insufficient quantity of Hstb soln has been used. On the other hand, 
if the excess of soln is not fully destroyed before the use of this reagent, a pur- 
ple color develops slowly. The clear red color given by this reagent forms quickly, 
and in the presence of but a small quantity of HCHO it fades rapidly.) 

SOLUBLE FLUORIDES 

26 QUALITATIVE TESTS'®— OFFICIAL 

/. \ol Applicabh in the Presence of Silicates 

After thoroly mixing the sample transfer to a beaker 150 cc, or an equivalent 
quantity of an aqueous extract in the case of solid foods, and boil, adding 5 cc of a 
10% KzSO^ soln and 10 cc of a 10% Ba acetate soln. Collect the precipitate in a 
compact mass (a centrifuge may be used advantageously) and wash upon a small 
filter. Transfer to a Ft crucible and ignite. 

Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of car- 
nauba wax and paraffin and allow to cool. Make a distinctive mark thru the wax 
with a sharp instrument, taking care not to scratch the surface of the glass. 
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A<id a few drops of H2SO4 to the residue in the crucible and cover the crucible 
with the waxed plate, having the mark over the center of the crucible and making 
sure that the edge of the crucible is in close contact with the plate. Keep the top sur- 
face of the plate cool by means of a suitable device and heat the crucible for an hour 
at as high a temp, as practicable without melting the wax {an electric stove gives 
the most satisfactory form of heat). If fluorides are present, a distinct etching will 
be apparent on the glass where it was exposed. 

27 II. A]}jplicable in the Presence of iSilicates 

Test I may be varied by mixing a small quantity of precipitated SiOj with the pre- 
cipitated BaFj and applying the method for the detection of fluosilicates, 29 or 30 . 

This method is of value in the case of foods, the ash of which contains a consider- 
able quantity of Si02. Under these circumstances H2SO4 liberates SiF*, which 
would escape detection under 26. 

INSOLUBLE FLUORIDES 

28 (Fluoborates, fluosilicates, etc.) 

PREPARATION OF SAMPLE-OFFICIAL 

Make about 200 g of the sample alkaline wuth lime H2O, evaporate to dryness, 
and incinerate. Extract the crude ash wuth ILO, to w'hich has been added sufficient 
acetic acid to decompose carbonates; filter, ignite the insoluble portion, extract with 
acetic acid (I +2), and again filter. The insoluble portion now^ contains CaSiOa and 
CaFi, while the filtrate contains all the H3BO3 present. 

29 . QUALITATIVE TEST OFFICIAL 

Incinerate the filter containing the insoluble portion from 28 , mix with a little 
l)recipitated Si02, transfer to a short test tube attached to a small U-tube contain- 
ing a few' drops of H2O, and add 1-2 cc of H2SO4. Keep the test tube in a beaker of 
H2O on a steam bath for 30-40 min. If any F is present, the SiF4 generated will be 
decomposed by the H2O in the U-tube and will form a gelatinous deposit on the 
w alls of the tube. 

Next test the filtrate for HjBOs as directed under 16 . If both HF and HsBOj 
are present, it is probable that they are combined as BF3. If, however, SiF4 is de- 
tected and H3BO3 is not, repeat the test wuthout introducing the Si02, in w'hich case 
the formation of the silitia skeleton is conclusive evidence of the presence of fluosili- 
cate. In an ash containing an appreciable quantity of Si02, H2SO4 will liberate SiF^ 
rather than HF. Therefore the presence of a fluosilicate, not a fluoride, is indicated.* 

30 QUALITATIVE TEST II.~OFFICIAL 

Incinerate the filter containing the insoluble portion from 28 in a Bt crucible, mix 
with a little precipitated Si02, and add 1 cc of H2SO4. Cover the crucible with a 

watch-glass from the underside of which a drop of H2O is suspended, and heat for an 

hour at 70 - 80 '“, keeping the w'atch-glass w'ell cooled. The H2() decomposes the SiF4 
which is formed, leaving a gelatinous deposit of Si02 and etching a ring at the 
periphery of the dro]) of H2O. Test the filtrate for II3BO3 as directed under 16 . 

SULFUROUS ACID 

31 Qualitative Test^^—Official 

Add a small quantity of S-free zinc and several cc of HCl to about 25 g of the 
sample (with the addition of H2O, if necessary) in a 200 cc Erlenmeyer flask. The 
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HiS generated in the preseinie of siilfites may be <leteeted with Pb acetate paper. 
The traces of metallic sulfides occasionally present in vegetables will give the same 
reaction as sulfites under the conditions of the above test. Verify positive results 
obtained by this metluxl by the Monier-Williams method, 32. 

It is always advisable to make the quantitative determination of sulfites, owing 
to the danger that the test may be caused by traces of sulfides. A trace should not 
be considered sufficient indication of the pre.sence of SO 2 either as a bleaching agent 
or as a Dreservative. 


TOTAL SULFUROUS ACID 

32 Momer-Williams Meihod^^ — Ojficial 

(Applicable in presence of other volatile sulfur compounds.) 

Connect a 750 cc round-bottomed Pyrex flask (B) (Fig. 40) to a sloping reflux 
condenser (D), the lower end of which is cut olT at an angle. (Monier-Williams pre- 



FIG. 10— NTON'IER-WILLIAMS APPARATUS FOR DKTKUMIXATION OF SULFUROUS ACID 

fers using an upright round-bottomed flask with 2 necks.) Pass COj from a generator 
thru a NasCOa soln in A to remove Cl. Also connect a dropping funnel (K) to B by 
the three-holed stopper C. Use the tube E to connect the upper end of the condenser 
to a 200 cc Erlenmeyer flask (F), which is followed by a Peligot tube (G). This de- 
livery tube (E) extends to the bottom of the receiver. One Peligot tube has been 
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found to be sufficient to catch traces of sulfurous acid swept thru the flask F. Use 
rubber stoppers ihruout. The receiver F contains 15 cc of pure neutral 3% H2()2, 
while the Peligot tube contains 5 cc. Il2()2 usually contains free H2SO4. 8tart with 
30% H2O2, dilute somewhat, and neutralise with BafOH)2 soln, using bromophenol 
blue soln as indicator. After the reagent has settled in the cold, filter from the BaSO^, 
determine its strength by permanganate titration, and finally adjust to a 3% 
strength. The bromophenol blue indicator in the H2O2 remains unafifected for some 
time. 

After connecting the apparatus, introduce into the Hask 300 cc of distilled H2O 
and 20 cc of HGl and boil for a short time in a current of C()2. Then add the food to 
be tested, adopting the procedure to the sort of food. Add liquids directly by means 
of the (Iropi)lng funnel. In the case of easily transferable solids, first cool the con- 
tents of the flask somewhat, taking care to 2'egulate the flow of CO2 to avoid liaving 
the H2O2 drawn up in the delivery tube E. Then (piickly introduce the food byre- 
moving the stopper C. With semi-sulid foods, requiring more time to introduce into 
the flask, cool the flask contents by gradual immersion in cold H2O, and wash the 
food in quickly with recently boiled distill e{l HoO. After introducing the food, boil 
the mixture for 1 hour (1^ hours in the case of dried fruits) in a slo\v current of CO2, 
stopping the flow of H2O in the condenser just before the end of the distillation. 
This causes the condenser to become hot and drives over residual traces of SO2 re- 
tained in the condenser. When the delivery tube just above the receiver E becomes 
hot to the touch, remove stopper J immediately. 

Wash the delivery tube and the Peligot tube contents into the flask F, and titrate 
the liquid at room temp, with 0.1 NaOH, using bromophenol blue as indicator. 
TheNaOH must be standardized with this indicator. Bromophenol blue is unaffected 
by CO2 and also gives a distinct color change iji cold H2O2. 1 cc of 0.1 X NaOH =3.2 
mg of SO2, so that titration of small quantities of SO2 requiring less than 0.5 cc of 
NaOH is not accurate. A gravimetric determination may be made after titration, 
the precijiitation of BaS04 being carried out at room temp. After allowing the super- 
natant liquid to settle, filter, and wash the residual BaS04 3 times by decantation 
with boiling H2O. Determine a blank on the reagents, both by titration and gravi- 
rnctri<‘ally, and correct the results accordingly. 

33 FREE SULFUROUS ACID— OFFICIAL 

(Especiall}" adapted to wine.) 

Treat 50 cc of the sample in a 200 cc flask with about 5 ce of H2SO4 (1 +3), add 
about 0.5 g of Na2COi to expel the air, and titrate the sulfurous acid with 0.02 N 
I soln, using a few cc of starch indicator, VI, 3(e). Introduce the I soln as rapidly 
as possible and continue the addition until the blue color persists for several min. 
I cc of 0.02 N I =0.64 mg of SO2. 

BETA-NAPHTHOL 

34 QUALITATIVE TEST— TENTATIVE 

In a separatory funnel extract 200 cc of the sample or of its aqueous extract, j)re- 
pared as directed under 1(c), with 10 cc of CHCI3. To the CIIGb extract in a test 
tube add a few drops of 0.5 N KOH soln and place in a boiling water bath for 2 min. 
The presence of beta-naphthol is indicated by the formation of a deep blue color 
which changes to green and then to yellow. 
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ABRASTOL (ASAPROL) 

35 I. SINIBALDI METHODK— TENTATIVE 

Make 50 cc of the sample alkaline with a few drops of NH4OH and extract with 
10 cc of amyl alcohol, adding ethyl alcohol if an emulsion forms. Decant the amyl 
alcohol, filter if turbid, and evaporate to dryness. Add to the residue 2 cc of HNOs 
(1 4-l)j heat on a water bath until half of the liquid is evaporated, and transfer to 
a test tube with the addition of 1 cc of HjO. Add about 0.2 g of crystallized FeS04 
and an excess of NH4OII, dropwise, with constant shaking. If the resultant pre- 
cipitate is of a reddish color, dissolve it in a few drops of H2SO4 and add crystallized 
FeS04 and NH4OH as before. As soon as a dark colored or greenish precipitate is 
obtained, introduce 5 cc of 95% alcohol, dissolve the precipitate in H2SO4, shake 
well, and filter. In the absence of abrastol a colorless or light yellow liquid is pro- 
duced, while a red color is produced in the presence of 0.01 g of abrastol. 

36 11 . SANGLt-FERRrfiRE METHOD '^^TENTATIVE 

Boil 200 CC of the sample with 8 cc of HCl for an hour in a flask fitted with a re- 
flux condenser. Abrastol is thus converted into beta-naphtliol and is detected as 
directed under 34. 

SUCROL OR DULCIN 

37 I. MORPIIRGO METHOD*'— TENTATIVE 

Evaporate about 100 cc of the sample, or of the aqueous extract prepared as di- 
rected under 1(c) and neutralized with acetic acid, to a sirupy consistency after the 
addition of about 5 g of basic PbCOj, and extract the residue several times with 
90% alcohol. Evaporate the alcoholic extract to dryness, extract the residue with 
ether, and allow the ether to evaporate spontaneously in a porcelain dish. Add 2 or 
3 drops each of phenol and 112804 and heat for about 5 min. on a water bath. Cool, 
transfer to a test tube, and overlay with NH4OH or NaOH soln with the least pos- 
sible mixing. The presence of dulcin is indicated by the formation of a blue color at 
the zone of contact. 

38 n. JORISSEN METHOD!'— TENTATIVE 

Suspend the residue from the ether extract obtained as directed under 37 in about 
5 cc of HjO, add 2-4 cc of an approximately 10% soln of HgfXOj)2, and heat for 
5-10 min. on a steam bath. In the presence of sucrol a violet blue color is formed. 
On the addition of PbOj the color changes to a deep violet. 

FORMIC ACID^’— OFFICIAL 

39 REAUENTS 

(a) Sodium acetate, — Di.ssolvc 50 g of dry Na acetate in sufficient H2O to make 
100 cc and filter. 

Mercuric chloride . — Dissolve 100 g of HgtJlj and 150 g of NaCl in sufficient 
HjO to make 1 liter and filter. 

40 APPARATUS 

The apparatus required (Fig. 41) consists of a steam generator (S), a 300 cc flask 
(A) in which the sample is placed, a 500 cc flask (B) containing a suspension of 
BaCOj, a spray trap fT), a condenser, and a 1 liter volumetric flask (C). The tip 
of the tube D, leading into B, consists of a bulb containing a number of small 
holes to break the vapor into small bubbles. 


442 



PRESERVATIVES AND ARTIFICIAL SWEETENERS 


XXXII 


41 DETERMINATION 

Use 50 cc of thin liquids like fruit juices; for heavy liquids and semi-solids like 
sirups and jams, use 50 g diluted with 50 cc of HaO. Place the sample in flask A, add 
1 g of tartaric acid, and connect as shown in Fig. 41, the flask B having been charged 
previously with a suspension of 2 g of BaCOj in 100 cc of II 2 O. If much acetic acid 
is present, use sufficient BaCOj so that at least 1 g remains at the end of the opera- 
tion. Heat the contents of flasks A and B to boiling and distil with steam from the 
generator S, the vapor passing first thru the sami)Ie in flask A, then thru the boiling 
suspension of BaCOs in B, after which it is condensed and collected in the volumetric 



flask C. Continue the distillation until I liter of distillate is collected, maintaining 
the volume of the liquids in the flasks A and B as nearly constant as possible by 
heating with small Bunsen flames and avoiding charring of the samjile in the flask 
A. After colletbing 1 liter of distillate, disconnect the apparatus and filter the con- 
tents of flask B while hot, washing the BaCOa with a little hot The filtrate and 
washings should now rneavSure about 150 cc; if they do not, they should be boiled 
down to that volume. Ad<l 10 cc of the Na acetate soln, 2 ec of a 10% soln of HCl, 
and 25 cc of the HgCb. Mix thoroly and immerse the container in a boiling water or 
steam bath for 2 hours. Filter thru a weighed riooch crucible and wasli tlie precipitate 
thoroly with cold II 2 O and finally with a little alcohol. Dry in a lioiling water oven 
for 30 min., cool, weigh, aiul calculate the weight of IK/OOH present by multiplying 
the weight of the precipitate by 0.0975. If the weight of Hg(’l obtained exceeds 
1.5 g, repeat the determination, using more HgClj or a smaller quantity of sample, 
('onduct a blank te.sL with each new lot of reagents employed for the reduction, 
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using 150 cc of H 2 O, 1 cc of 10% BaCU sola, 2 cc of the HCl soln, 10 ee of the Na 
acetate, and 25 cc of the IlgC'U, and heating the mixture in a boiling water or steam 
bath for 2 hours. Deduct the weight of HgCl obtained in this blank teat from that 
obtained in the regular <letermination. 
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SPICES 

1 PREPARATION OF SAMPLE— OFFICIAL 

Grind the sample to pass thru a sieve having circular openings 1 mm in diameter 
and mix thoroly. Owing to the lack of uniformity of most spices and the peculiar 
tendency to stratify, use extreme care in weighing out a portion for analysis. Stir 
the material thoroly and weigh out a 2 g sample, using a spoon with a capacity of 
about 2 g. Dip a spoonful from the center of the material, being careful to take ap- 
proximately the required quantity so as to avoid adding to or taking from the por- 
tion on the scale pan. In the deLerraination of starch in spices by the diastase 
method, further reduce a subsample as nearly as possible to an impalpable powder. 

2 MOISTURE— TENTATIVE 

Dry 2 g to constant weight at 1 10*^. From the resulting loss in weight subtract the 
quantity of volatile ether extract as determined under 9, 

3 ASH— OFFICIAL 
Proceed as directed under XXVII, 8. 

4 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 12, using the ash obtained under 3. 

5 ASH INSOLUBLE IN ACID— OFFICIAL 

Boil the water-insoluble residue obtained under 4, or the total ash obtained as 
directed under 3, with 25 cc of HCl (1 4-2.5) for 5 min., collect the insoluble matter 
on a Gooch crucible or on an ashless filter, wash with hot H 2 O, ignite, cool, and 
weigh. 

6 CALCIUM OXIDE IN ASH— OFFICIAL 

Ignite 2 4 g of the sample as directed under 3, digest with hot HCl (1 -|-2.5), 
evaporate to dryness, moisten the dry residue with the dilute HCl, and again evapo- 
rate to dryness to render the insoluble. Treat the residue with 5-10 cc of IICl, 
add about 50 cc of H^O, allow to stand on a water bath for a few minutes, filter, and 
wash the insoluble residue with hot II 2 O. Determine CaO in the combined filtrate 
and washings as directed under XII, 10. 

7 NITROGEN— OFFICIAL 

Proceed as directed under II, 21, 23 or 25, exce])t in the case of black and white 
peppers, for which use only the Kjeldahl-Gunning- Arnold method^ (II, 25), using 
1 g of the sample. 

8 NITROGEN IN NON-VOLATILE ETHER EXTRACT— OFFICIAL 

(For black and white peppers.) 

Extract 10 g of the })ei)pcr fur 20 hours in a continuous extraction apparatus with 
absolute ether, collecting tlie extract in a weighed 250 cc flask. Evaporate the ether 
and dry first at 100'^ and finally to constant weight at 110°. Determine the N in the 
weighed extract as directed under II, 25, digesting in the same flask used for the 
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extraction. Calculate the parts of N per 100 parts of non-volatile ether extract. If 
desired, crude piperine may be calculated from the N by multiplying by 20.36. 

9 VOLATILE AND NON-VOLATILE ETHER EXTRACT J--OFPICIAL 

Extract 2 g of the ground material for 20 hours in a continuous extraction ap- 
paratus with anhydrous ether (XXVII, 22). Transfer the ethereal soln to a weighed 
capsule and allow to evaporate at room temp. Let stand for 18 hours over HaSOi 
and weigh the total ether extract. Heat the extract gradually and then to constant 
weight at 110°. The loss is volatile ether extract; the residue is non-volatile ether 
extract. 

10 ALCOHOL EXTRACT!— OFFICIAL 

Place 2 g of the sample in a 100 cc flask and fill to the mark with 95% alcohol. 
Stopper, shake for 8 hours at 30 min. intervals, and allow to stand for 16 hours 
longer without shaking. Filter the extract thru a dry filter, evaporate a 50 cc aliquot 
of the filtrate to dryness in a flat-bottomed dish on a steam bath, and heat to con- 
stant weight at 110°. 

11 COLD-WATER EXTRACT— TENTATIVE 

(For ginger.) 

Place 4 g of the sample in a 200 cc volumetric flask, add HjO to the mark, shake 
at 30 min. intervals during 8 hours, and let stand 16 hours longer without shaking. 
Filter and evaporate a 50 cc aliquot of the filtrate to dryness in a flat-bottomed 
metal dish. Dry to constant weight at 100°. 

12 COPPER-REDUCING SUBSTANCES BY DIRECT INVERSION— OFFICIAL 

Extract 4 g of the sample with 5 successive portions of 10 cc of ether on .a filter 
that will retain completely the smallest starch granules. After the ether has evapo- 
rated, wash with 150 cc of alcohol, 10% by volume. 

Owing to the formation of a glutinous mass, which clogs the filter, it is not possible 
to wash samples of Batavia cassia with HoO or dilute alcohol. Therefore it is best 
to omit all preliminary washing in determinations made on all varieties of cassia, as 
well as on cassia i)uds and cinnamon. 

Carefully wash the re.sidue from the paper into a 500 cc flask with 200 cc of HtO, 
using a small wash bottle and gently rubbing the paper with the tip of the finger. 
Hydrolyze and determine the Cu reducing material as directed under XXVII, 31. 
Express the result in terms of starch. 

13 STARCH -OFFICIAL 

Extract 4 g of the finely pulverized sample with ether and 500 cc of 10% alcohol, 
as directed under 12, and determine starch by the diastase method, as directed 
under XXVII, 33. 

14 CRUDE FIBER— OFFICIAL 

Proceed as directed under XXVII, 27, and previous to weighing remove all ether 
extractives by successive washings of the dry fiber with ether. 

15 TANNIN -OFFICIAL 

fFor cloves and allspice.) 

Extract 2 g of the sample for 20 hours with anhydrous ether. Boil the residue for 
2 hours with 300 cc of HjO, cool, make up to 500 cc, and filter. Measure 25 cc of this 
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infusion into a 2 liter porcelain dish, add 20 cc of indigo soln, XV, 29(c), and 750 cc 
of H 2 O, and proceed as directed under XV, 30. 1 cc of 0.1 .V oxalic acid =0.00623 g 
of quercitannic acid, or 0.0008 g of 0 absorbed. 



16 VOLATILE OIL^-TENTATIVE 

Transfer a weighed quantity of whole or ground material to a 500-2000 cc round- 
bottomed, short-necked flask in amount sufficient to yield, if possible, 2 cc or more 
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of volatile oil. Add to the flask 8- 0 times as much [UO as material and mix uui- 
formly. Set up the apparatus, Fig. 42, using the appropriate volatile oil trap illus- 
trated in Fig. 43. With an oil hath (hydrogenated cottonseed oil is satisfactory) as 
the source of heat, boil the contents of the flask slowly 4-8 hours, or until all the 
volatile oil has been distilled, taking care to avoid the escape of vapors around the 
condenser. With spices (for example nutmeg) containing volatile oils lighter than 
HjO and also fixed oils heavier than H2O, discontinue the distillation when the 
fraction of oil obtained during a 1 hour period is heavier than II jO. 




VIC ,. 1,'}.— or on. skpauatouv traps 


In case of unsatisfactory separation of the volatile oil, draw off the contents of the 
trap into a small separatory funnel. After separation return the H2O to the trap 
and transfer the volatile oil to a gradnated cylinder. Repeat the procedure if neces- 
sary. 

With volatile oils heavier than H2O, after transferring to the graduated cylinder 
run the HjO with any remaining oil into a small separatory funnel. Wash the oil 
trap with 10 cc of ether and transfer the washings to the funnel. Shake, and with- 
draw the ether. Evaporate the ether and drain the residue into the cylinder. Read 
the quantity of volatde oil directly in the cylinder and report the oil in terms of 
cc per 100 g of spice. 

Determine the physical and appropriate chemical characteristics of the volatile 
oil as directed under 17-23, after it has been allowed to stand until perfectly clear 
or been dried with a minimum quantity of anhydrous Na2804 and allow^ed to settle. 
(Owing to the small quantity of oil available great care should be exercised to avoid 
loss in any of these determinations.) 
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17 SPECIFIC GRAVITY OF VOLATILE OIL-TENTATIVE 

DeterniijiR sp. at 2.V‘25'* as directed under XIV, 3, usins a 1 cc Spreugei tube. 

18 OPTICAL ROTATION OF VOLATILE OI^-TENTATIVE 

Polarize in a raicropolarizing tube 50 mm long and of approximately 2 mm bore, 
with white light at 25'". (The tube may be readily filled by the aid of a glass tube 
drawn out to a diameter smaller than the bore of the tube.) Report in angular de- 
grees on the basis of a 100 mm tube. 


15> REFRACTIVE INDEX OF VOLATILE OIL— OFFICIAL 

Proceed as directed under XXXI, 8 and 9, 


20 ACID NUMBER OF VOLATILE OIL-TENTATIVE 

Add 30 cc of neutral alcohol to approximately 2 g of the volatile oil, accurately 
weighed, in a 200 cc Erlenmeyer flask. Titrate with 0.1 .V KOH, using 1-2 drops 
of 1% phenolphthalein as an indicator. 

cc 0.1 A' KOHXo.61 

.ACid i\o.= . 

\\ t. of volatile oil 


21 ESTER NUMBER OF VOLATILE OIL— TENTATIVE 

To the contents of the flask after determination 20, add exactly 20 cc of 0.5 N 
KOII. Heat the flask on a water bath approximately 2 hours, using an air condenser 
70-80 cm long and 5-8 mm in diameter. Determine the cc of 0.5 N KOH used in 
the saponification (a) by titrating the excess with 0.5 N H 2 SO<, using 1-2 drops of 
phenolphthalein as an indicator. 


Ester number = 


(a) X28.06 
Wt. of volatile oil’ 


22 EUGENOL IN VOLATILE OIL— TENTATIVE 

Measure 2 cc of volatile oil (transfer pipet) into a Babcock milk bottle, XXII, 
20(a). Add 20 cc of 3% soln of KOH, shake the mixture 5 min., heat for 10 min. in 
a lioiling water bath, remove, and cool to room temp. When the liquids have sepa- 
rated completely, add sufficient KOH soln to bring the residual oil within the gradu- 
ated portion of the neck and note the volume. Calculate the percentage by volume 
of eugenol from the difference of volume of the sample used and the residual oil. 

23 KETONE AND ALDEHYDE IN VOLATILE OIL^— TENTATIVE 

Measure 2 cc of volatile oil (transfer pipet) into a Babcock milk bottle, XXII, 
20(a). Add 10 cc of a saturated soln of Na 2 SOj and a few drops of 1 % phenolphtha- 
lein. Heat in a bath containing boiling HjO, and shake the flask repeatedly, neutral- 
izing the mixture occasionally with a few drops of a saturated soln of NaHSOj. If 
no coloration appears upon adding a few drops of phenolphthalein and heating for 
30 min., cool to room temp. When the liquids have separated completely, add suffi- 
cient NaaSOs aoln to bring the residual oil within the graduated portion of the neck 
and note the volume. Calculate the percentage by volume from the difference of 
volume of the sample used and the residual oil. 
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24 VOLATILE OIL AND RESIN IN GINGER*— TENTATIVE 

Place 50 g of ground ginger in a Soxhlet extractor and extract completely, using 
ether as the solvent (about 4 hours). Transfer the extract to a 300 cc flask and evapo- 
rate off the ether on the steam bath until the solvent is no longer detected. Add 50 
cc of HjO to the residue and determine the yield of volatile oil (using trap for oils 
lighter than HaO) and determine sp. gr., optical rotation, refractive index, acid and 
ester numbers as directed under 17 -21. 

Transfer the residue in the flask to a separatory tunnel and extract the resin with 
ether. Transfer to a tared beaker, evaporate the ether on a steam bath, and dry to 
constant weight in a vacuum desiccator and calculate to percentage. 

25 VOLATILE OIL IN MUSTARD SEED'— OFFICIAL 

Place 5 g of the ground seed (No. 20 powder) in a 200 cc flask, add 100 cc of H2O, 
stopper tightly, and macerate for 2 hours at about 37“. Then add 20 ec of 95% alco- 
hol and distil about 60 cc into a 100 cc volumetric flask containing 10 cc of NH^OH 
(1 +2), taking care that the end of the condenser dips below the surface of the soln. 
Add 20 cc of 0.1 A" AgNOj soln to the distillate, set aside overnight, heat to boiling 
on a water bath in order to agglomerate the (Ag)2S, cool, make up to 100 ec with 
HsO, and Alter. Acidify 50 cc of the filtrate with about 5 cc of HNOj and titrate 
with 0.1 A' NH4CNS, using 5 cc of 10% ferric ammonium sulfate soln as an indi- 
cator. 1 cc of 0.1 A" AgNOj consumed = 0.004956 g of allyl isothiocyanate. 

IODINE NUMBER OP PAPRIKA oa« 

(Indicative of presence of olive oil.) 

26 Qualitnlive Test — Tentaiii'e, 

Transfer 10 g of the well-mixed ground sample to a 200 cc glass-stoppered flask 
and add 100 cc of CHCb from a pipet, rotating while adding the first 50 cc. Let stand 
1 hour, shake, and filter thru a 12^ cm fluted filter. Pipet off successively two 10 cc 
portions, using the same pipet. Transfer one of the 10 cc portions to a weighed crys- 
tallizing dish, 50X35 mm, and evaporate the solvent by placing the dish on a steam 
bath. Dry the dish and contents at 100” for 1 hour, cool in air, and weigh. Use the 
weight obtained in calculating the I number. Transfer the other 10 cc portion to a 
suitable glass-stoppered flask or bottle for the determination of the I number, pro- 
ceeding as directed under XXXI, 19, allowing 30 min. for the halogen absorption. 
Calculate the I ‘number of the ether extract. The I number of pure paprika thus 
obtained should be not less than 125. 

MICRO SCOPIC EXAMIN ATIO N— TE NTATI VE 

27 GENERAL 

Adulterants of vegetable origin in spices are best detected by means of the micro- 
scope. A general knowledge of vegetable histology and the microscopic ai)pearance 
of the spices and spice adulterants is essential. 80m e of the standard works® on these 
subjects are listed under the .selected references. 

28 REAGENTS 

(a) Ammoniacal copper soln (SchweiizeT's reagent). — Add slowly a soln of CU8O4 
to a soln of NaOH, separate by filtration the precipitate of Cu(OiI)2 that forms and 
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wash it thoroly with II2O. Dissolve the wet precipitate ia NH4OH with the aid of 
heat, cool, and filter. Prepare immediately before use and keep in the dark. 

(b) Potassium hydroxide soZn,— Dissolve 5 g of KOH in H2O and dilute to 100 cc, 

(c) Chloral hydrate. — Dissolve 8 parts by weight of the crystals in 5 parts of H2O. 

(d) Acidified chloral hydrate-glycerol soln. — Dissolve 45 g of crystals of chloral 
hydrate in 25 cc of HCl (1+8) and 10 cc of glycerol. 

(e) Schultze’s mixture. — Mix crystallized KCIO3 with HNO3 as needed. 

(f) Iodine-potassium, iodide soln {iodine soln). — Dissolve 0.05 g of I and 0.2 g of 
KI in 15 cc of H2O. 

(g) Chlor-zinc iodine soln. — Dissolve 100 g of ZnCU in 60 cc of H2O in a glass- 
stoppered bottle and add 20 g of Kl and 0.5 g of I crystals. Leave a few crystals of 
I in the bottle to insure saturation, and allow the soln to stand a few hours before 
using. (This soln will keep for months. If the color developed in the tissue is too 
deep a blue, a very slight dilution of the reagent is advisable.) 

(h) Ferric acetate or chloride soln.— \] sc a freshly prepared 1% aqueous soln. 

(i) Alkanet tincture. — Macerate 20 g of alkanet root for several days with 100 cc 
of 95% alcohol. 

fj) Safranine soln. — Prepare a saturated aqueous soln and dilute as needed. 

(k) MayePs reagent (mercuric-potassium iodide so^n). — Dissolve 1.36 g of HgCL in 
60 cc of H2O arnl 5 g of KI in 10 cc of H2O; mix the.se two solns and dilute to 100 cc. 

29 APPARATUS 

(a) Dissecting microscope or hand lens. 

(b) Compound microsco pe. — Provided with objectives and oculars capable of giv- 
ing a range of about 4 different magnifications varying from 75-500 diameters, a 
double or triple noscpiccc, and a substage condenser. An eyepiece micrometer, a 
polarizing apparatus, and a mechanical stage are desirable for some special types 
of work. 

(c) Sieves. — series of standard mesh sieves varying from 10 to 100 meshes per 
inch and a sieve having circular openings 1 mm in diameter. 

(d) Slides, cover glasses, needles, forceps, etc. 

30 I’RKPAKATIOX OF SAMPLE 

Reduce one portion to a fine powder in a mortar. Separate another portion into 
several grades of fineness by sieves of different mesh or by jarring on a sheet of paper. 
In the coarser grades fragments of suspicious nature may often be seen with the 
naked eye or under a sim])le microscope; these should be picked, out for subsequent 
examination under the compound microscope, 

31 EXAMIN.mON 

Mount a small quantity of the ground sample in H2O and examine under the com- 
pound microscope with both ordinary and polarized light. This gives general infor- 
mation as to the nature of the material and serves for the detection and identifica- 
tion of starch granules and various tissues. Place a small drop of the I-KI soln at the 
edge of the cover-glass, <lraw it into the preparation by means of a piece of filter 
paper placed at the opposite edge of the cover-glass, and examine again. Starch 
granules will be colored blue or blue-black; cellulose, yellow; and proteins, either 
brown or yellow. 


451 



XXXIII 


METHODS OF ANALYSIS 


In the manner just ci escribed draw a little of the KOH soln under the cover-glass 
and again examine. This treatment gelatinizes the starch granules, dissolves the pro- 
teins, saponifies the fats, and in other ways clears the preparation. It also imparts 
to tannins a reddish color. If this treatment does not clear the tissues satisfactorily, 
treat a fresh portion for a short time with the acidified chloral hydrate-glycerol soln, 
or for some hours with the chloral hydrate soln. 

Examine also the crude fiber obtained in the chemical analysis, as in this material 
the stone cells and other tissues are shown distinctly. 

To isolate stone cells, bast fibers, and other thick-walled cells, macerate a portion 
of the sample in SchuUze's mixture, using such proportions of KCIO3 and HNO3 
and heating for such a time as will secure the desired results. 

To distinguish cellulose from infiltrated substances {lignin, siiherin, etc.), add 
freshly prepared chlor-zinc iodine soln to a water mount. Cellulose is colored blue, 
and infiltrated substances are yellow. 

To distinguish fats, oils, essential oils, and resins from other cell contents, treat 
for an hour with alkanet tincture diluted with an equal volume of H 2 O, which im- 
parts to those substances a deep red color, or treat with ether, which dissolves them. 
Treat also with alcohol, which dissolves the essential oils anrl resins but does not 
perceptibly affect the fats and oils. 

Test for proteins by warming cautiously on a slide with a drop of freshly prepared 
Millon’s reagent. The proteins are partially decomposed, acquiring gradually a 
brick red color. If it is de.sired to study the form of the aleurone f protein) granules, 
which in some plants are quite as characteristic as starch granules, prepare a mount 
in pure glycerol or oil. 

Test for tannins and tissues impregnated with them by adding 1% ferric acetate 
or chloride soln. Both of these reagents give a green or idiie color with tannins, but 
the ferric acetate acts more slowly and is to be preferred. 

Crystals of Ca oxalate^*’ are recognized by their characteristic forms and l)y their 
behavior to polarized light. To distinguish ('a oxalate from Ca( -Oj, treat wnth acetic; 
acid, which does not affect the oxalate but dissolves the carbonate with efferves- 
cence. Both are soluble in HCl. 

Powdered charcoal and charred shells resist the bleaching action of potash, chloral 
hydrate, and Hchultze’s mixture. 

PREPARED MUSTARD 

32 PREPARATION OP SAMPLE -OFFICIAL 

Transfer the entire content.^ of the container to a dish sufficiently large to permit 
thoro stirring and make the whole mas.s homogeneous. Pre.serve in a bottle having a 
lightly fitting glass stopper. Stir well each time before removing a portion for anal- 
ysis. 

33 SOLIDS -OFFICIAL 

eigh 5 g of the sample into a flat-bottomed Pt di.sh; distrilmte evenly over the 
bottom of the dish with a little HjO, place on a steam bath until the mixture ap- 
pears dr.y, and then heat in an oven at 100'’ to constant weight. 

34 ASH OFPICUL 

Ignite the dry residue, obtained in the determination of solids, 33, as directed 
under XXVII, 8. 
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35 SALT— OFFICIAL 
Determine (1 in the ash as directed under XII, 35 or 37. 

36 ETHER EXTRACT -TENTATIVE 

Weigh 10 g of the sample into any ordinary Si, A1 or porcelain drying dish and 
mix with about 30 g of sand. Heat on a water bath until the mixture appears dry 
and complete the drying in a water oven. Grind until all the lumps are broken up, 
and determine llie ether extract as directed under XXVII, 22, 

37 PROTEIN— OFFICIAL 

Determine the N as directed under II, 21, 23, or 25, using 5 g of the sample. 
Multiply the result by 6.25 to obtain the equivalent quantity of protein. 

38 ACIDITY— OFFICIAL 

Weigh 10 g of the sample into a 200 cc volumetric flask, dilute to the mark with 
H2O, shake, filter thru a dry paper, and determine the acidity in 100 cc by titration 
with 0.1 A' alkali, using phenolphthalein indicator. Express the result as acetic acid. 
1 cc of 0.1 N alkali =0.0060 g of acetic acid. 

39 COPPER-REDUCING SUBSTANCES BY DIRECT INVERSION— OFFICIAL 

Proceed as directed under XXVII, 31, except to treat directly 10 g of the sample, 
without previous washing or extraction, with 200 cc of H2O and 20 cc of HCl {sp. gr. 
1.125), and to make up the soln to 250 cc after neutralizing and before filtering and 
drawing off the aliquot. In analyses of samples containing starch, particular atten- 
tion should be given that the quantity of dextrose present in the aliquot taken for 
the reducing sugar determination does not exceed the maximum permitted for that 
determination. Express the result in terras of starch. 

40 CRUDE FEBERii— OFFICIAL 

Weigh 10 g of the sample and transfer to an 8 oz nursing bottle with 50 cc of 
95% alcohol, stopper, and shake vigorously. Add 40 cc of ether, shake, and let stand 
about 5 min. with occasional shaking. Centrifuge and decant the alcohol-ether mix- 
ture. Treat twice more with 40 cc portions of ether, shaking, centrifuging, and de- 
canting as l)efore. Rest the liottLc on its side for a short time, without heat, to allow 
most of the ether to evaporate. Transfer the material to a 500 cc Erlenmeyer flask, 
using the 200 cc of boiling II2SO4, XXVII, 25(a), and proceed as directed under 
XXVII, 27, but in addition wash the fiber with successive portions of ether previous 
to drying and weighing. 

If preferred, the sample may be treated with alcohol and ether in a small beaker, 
transferred to a hardened 11 cm filter paper, washed several times with ether, and 
transferred to the 500 cc Erlenmeyer flask with the 200 cc of boiling hot dilute 
ESO4. 

41 COLORING MATTER— Tentative 
Proceed as directed under XXI. 

42 PRESERVATIVES— official 
Proceed as directed under XXXII. 
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43 PREPARATION OF SAMPLE— TENTATIVE 

Before removing any portion of the sample for analysis and each time a subse- 
quent portion is removed, if the sample has stood for any appreciable length of time, 
mix until it is homogeneous. For the various determinations, take approximately 
the quantity directed and weigh. (A Bailey weighing buret^^ will be found con- 
venient.) 

44 TOTAL SOLIDS “—OFFICIAL 
Use a 2 g sample and proceed as directed in XXIII, 2. 

45 REDUCING SUGARS BEFORE INVERSION— TENTATIVE 

Weigh 20 g of the sample into a wide-mouthed, 4 oz bottle and extract the oil 
by adding about SO cc of petroleum ether, shaking, and centrifuging. Draw off as 
much as possible of the petroleum ether soln (conveniently done by using suction 
and a short-stemmed pipet), and repeat the treatment with petroleum ether until 
all the oil has been removed. This is indicated by the absence of color in the solvent. 
Usually about four extractions are required. Reserve the ether soln for identification 
of the oil. Remove the petroleum ether from the residue with a current of air and 
transfer the residue with II 2O to a 100 cc volumetric flask. Add 5-10 cc of a fresh 
soln of HPO3 (prepared by dissolving 5 g of the transparent lumps or sticks in cold 
H2O and diluting to 100 cc), mix thoroly, dilute to volume, and filter. Transfer 80 
cc of the filtrate, or as large an aliquot as possible, to a 100 cc flask; neutralize with 
a strong soln of NaOH (l-pl). using phenolphthalein inrlicatur; cool, dilute to the 
mark, and determine reducing sugars on an aliquot as directed under XXXIV, 38. 
Calculate to invert sugar. 

Some dressings, particularly those containing starch, cannot be clarified by the 
above method. In such instances, remove the oil as directed under XXlII, 8, trans- 
fer the residue to a 250 cc flask with alcohol, 50% by volume, and proceed as directed 
under XXVII, 28. 

46 REDUCING SUGARS AFTER INVERSION— TENTATIVE 

Invert an aliquot of the soln, 45, as directed under XXXIV, 23(b), and determine 
the reducing sugars in the inverted soln as directed under XXXIV, 37. Calculate to 
invert sugar, 

47 SUCROSE— TENTATIVE 

Subtract the percentage of invert sugar obtain e<l before inversion, 45, from that 
obtained after inversion, 46, and multiply the difference by 0.05. 

48 TOTAL ACIDITY“- OFFICIAL 

Weigh about 15 g of the sample into a 500 cc Erlen mover flask, dilute to about 
200 cc, and shake until all lumps of dressing are thoroly broken up. Titrate with 
O.iO aV XaOn, using neutral phenolphthalein, and calculate as acetic acid. In order 
to recognize the end point, have a duplicate sample at hand so that, by comparison, 
the first change of color may be noted. 

49 TOTAL NITROGENi^OFFICIAL 

\\eigK about 15 g of the sample into a 500 cc Kjeldahl flask and place on the 
steam bath until the egg is thoroly cooked and the oil separates readily. Cool and 
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add about 50 cc of petroleum ether; mix, and pour off the ether soln thru a small 
filter. Repeat the ether treatment twice, rinsing out as much oil as possible. Wash 
the filter with petroleum ether and add the filter paper to the sample in the flask. 
Determine N, using 35 cc of H2S04 for digestion, as directed in XXIII, 5. 

50 TOTAL PHOSPHORIC ACID (P,0,)**— OFFICIAL 

Use a 10 g sample and proceed as directed in XXIII, 16, except to use a Pt dish 
in place of the beaker and to burn off the oil before ashing in the muffle. 

51 TOTAL FAT”— TENTATIVE 

Use a 2 g sample and proceed as directed under XXIII, 8. 

52 CALCULATION OF COMPOSITION^— TENTATIVE 

When P total P2O5 and N -% total nitrogen, then 
% yolk = 75.69 P- 1.802 N\ 

% white = 60.80 A -114.59 P; 

% total egg=% yolkd-% white; 

, % white 

% white in egg component XlOO; 

% total egg 

V'egetable oil=total fat — (yolk XO. 3188) ; 

Vinegar (4% acid strength) = total acidity as acetic X25; 

Minor constituents (sugar, salt, 8[»ices, stabilizers) = total solids — (yolk X0.5047) 
— (whiteXO. 1221) —vegetable oil; and 

Added water = 100% — total egg — vegetable oil — vinegar — minor constituents. 

53 IDENTIFICATION OF OIL— TENTATIVE 

Proceed as directed under XXXI, using the oil obtained by evaporating the pe- 
troleum ether extracts in the determination of reducing sugars, 45. 

VINEGARS''^ 

(Unless otherwise directed, express results as grams per 100 cc.) 

54 PHYSICAL EXAMINATION— OFFICIAL 
Note the appearance, color, odor, and taste. 

55 PREPARATION OF SAMPLE— OFFICIAL 
Mix thoroly and filter before proceeding with the analysis. 

56 SPECIFIC GRAVITY -OFFICIAL 

Determine the specific gravity at 20/20° by means of a pycnometer, as directed 
under XIV, 3. 

57 SOLIDS— OFFICIAL 

Measure 10 cc of the sample into a weighed, flat-bottomed Pt dish having a bot- 
tom diameter of 50 mm, evaporate on a boiling water bath for 30 min., and dry for 
exactly 2.5 hours in a water oven at the temp, of boiling HjO. Cool in a desiccator 
and weigli. To obtain conconlant results, it is necessary to use a dish of the size and 
shape stated and to dry for exactly the time specified, 
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58 ASH- OFFICIAL 

(a) Measure 25 cc of the vinegar into a weighed Ft dish, evaporate to dryness on 
a steam bath, and proceed as directed under XXVII, 8. 

(b) Evaporate 25 cc of the sample to dryness as directed under (a) and heat in a 
muffle at low heat to expel inflammable gases. Treat the charred portion with a few 
cc of H 2 O, and evaporate to dryness on a steam bath; replace in the muffle at low 
redness for 15 min. and continue the alternate evaporation and heating until a white 
or gray ash is obtained; cool in a desiccator and weigh. 

Useful information may often be obtained by noting the odor given off by the 
solids during charring. 

59 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 
Treat the ash obtained, 58, as directed under XXXIV, 12. 

60 ALKALINITY OF THE SOLUBLE ASH— OFFICIAL 

Proceed as directed under XXXIV, 13, using the soluble ash obtained under 59. 
Express the result as the number of cc of .V acid required to neutralize the soluble 
ash from 100 cc of the vinegar. 

In case the relation of the ash to the alkalinity of the soluble ash is abnormal, the 
composition of the ash should be studied, especially as to content of chlorides, sul- 
fates, phosphates, and alkalies.** 

61 SOLUBLE PHOSPHORIC ACID-OFFICIAL 

Proceed as directed under II, 9 or 12, using the soln ohtaii\ed under 60. Exi>ress 
the result as mg of P^Os in 100 cc of vinegar. 

62 INSOLUBLE PHOSPHORIC ACID-OFFICIAL 

Dissolve the water-insoluble ash obtained under 59 in approximately 50 cc of 
boiling HXOs (1+8) and procee<l as directed under II, 9 or 12. Express the result 
a.s mg of PjOj in 100 cc of vinegar, 

63 TOTAL ACIDS OFFICIAL 

Dilute 10 cc of the sample with recently boiled and cooled if .O until it appears 
slightly colored and titrate with 0.5 .V alkali, using phcnolphthalcin indicator. 
1 cc of 0.5 .V alkali =0.030 g of acetic acid. 

64 NON-VOLATILE ACIDS— OFFICIAL 

Measure 10 cc of the vinegar into a 200 cc porcelain casserole, eva])orate just to 
dryness, add 5-10 cc of HiO, and again evaporate; repeat until at least 5 evapora- 
tions have been made. .\dd about 200 cc of recently boiled and cooled II 2 O and ti- 
trate with 0.1 .V alkali .soln, using phcnolphthalcin indicator. 1 cc of 0.1 .V alkali = 
0.0060 g of acetic acid. 

65 VOLATILE ACIDS— OFFICIAL 

To obtain the volatile acids subtract the quantity of non-volatile acids, 64, from 
the quantity r)f total acids, 63. 

66 TOTAL REDUCING SUBSTANCES BEFORE INVERSION OFFICIAL 
.Measure 25 cc of the sample into a 50 cc volumetric flask and add enough NaUll 

soln (1 +1) nearly to neutralize the acid, Uool, dilute to the mark with HjO, and 
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determine the reducing substances in 20 ec of the soln as directed under XXXIV, 37. 
If the quantity of reducing substances is very small, use 40 cc of the soln. Calculate 
the result as invert sugar (for malt vinegar as dextrose). 

67 TOTAL REDUCING SUBSTANCES AFTER INVERSION— OFFICIAL 

Invert 25 cc of the sample in a 50 cc volumetric flask with 5 cc of dilute HCl, as 
directed under XXXIV, 23(b) or (c). Neutralize with NaOH soln (1+1) and deter- 
mine reducing substances as directed under 57. 

68 NON-VOLATILE REDUCING SUBSTANCES (SUGAR)— OFFICIAL 

(Useful in calculating the non-sugar solids.) 

Kvaporate 50 cc of the sample on a steam or water bath to a sirupy consistency, 
add 10 cc of H 2 O, and evaporate again. Repeat with 10 cc of H 2 O. Transfer the 
residue to a 100 cc volumetric flask with about 50 cc of warm H 2 O. Cool; invert with 
10 cc of dilute HCl as directed under XXXIV, 23(b) or (c); nearly neutralize with 
NaOH soln (1 + 1); cool, dilute to the mark with H 2 O, and determine reducing sub- 
stances in 20 cc or 40 cc, depending on the quantity present, as directed under 
XXXIV, 37. Calculate the result as invert sugar (for malt vinegar as dextrose). If 
the results for total reducing substances before and after inversion show the absence 
of sucrose, the Inversion is unnecessary and may be omitted. 

69 VOLATILE REDUCING SUBSTANCES‘t— OFFICIAL 

When sucrose is absent, subtract the quantity of non-volatile reducing substances, 
68, from the mean of the total reducing substances before inversion, 66, and after 
inversion, 67. When sucrose is present, subtract the quantity of non-volatilc reduc- 
ing substances, 68, from the quantity of total reducing substances after inversion, 

67. 

70 ALCOHOL— OFFICIAL 

Measure 100 cc of the sample into a round-bottomed distillation flask. Make 
faintly alkaline with NaOH soln (1+1), distil almost 50 cc, dilute to 50 cc at the 
temp, of the sample, and determine the sp. gr. at 20/20“ by means of a pycnometer, 
XIV, 3. Obtain from Table 19, XLII, the percentage by volume noting that the 
alcoholic strength of the distillate is twdee that of the original vinegar. Undue 
foaming may be obviated by adding a small piece of paraffin, free from volatile 
constituents. 


GLYCEROLis— OFFICIAL 

71 REAGENTS 

(a) Strong potassium dichromate soln. — Dissolve 74.55 g of dry, recrystallized 
KzCrjOr in H 2 O; add 150 cc of H 2 S 04 ; cool, and dilute with H 2 O to 1 liter at 20". 
1 cc of this soln =0.01 g of glycerol. Owing to the high coefficient of expansion of this 
strong soln it is necessary to make all volumetric measurements of the soln at the 
same temp, as that at which it w as diluted to volume. 

(b) Dilute potassium dichromaie soln.— Measure 25 cc of the strong KoCrzOy soln 
at 20“ into a 500 cc volumetric flask and dilute to the mark with H.O at. room temp. 
20 cc of this soln = I cc of (a). 

(c) Ferrous iifufHoniiun sulfate sohi. — Dissolve 30 g of crystallized ferrous ammo- 
nium sulfate in H^O, add 50 cc of HjSO*, cool, and dilute with H 2 O to 1 liter at room 
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temp. 1 cc of this soln = approximately 1' cc of (b). As its value changes slightly 
from day to day, it must be standardized against (b) whenever used. 

(d) Diphenylamine indicator . — Dissolve 1 g of diphenylaniine in 100 cc of H2SO4. 

(e) Retarder . — Dilute 150 cc of phosphoric acid (sirupy) with 600 cc of II2O, and 
add 250 cc of II 2 SO 4. 

(f) Milk of lime . — Introduce 150 g of CaO, selected from clean hard luiniis, pre- 
pared preferably from marble, into a large porcelain or iron dish; slake with H2O, 
cool, and add sufficient ILO to make 1 liter. 

(g) Silver carbonate . — Dissolve 0.1 g of Ag2S04 in about 50 cc of H2O, add an ex- 
cess of NajCOj soln, allow the precipitate to settle, and wash with HjO several times 
by decantation until the washings are practically neutral. This reagent must be 
freshly prepared immediately before use. 

72 DKTEKMIX.^TION 

Make evaporations on a water bath maintained at a temp, of 85 90°. The area 
of the dish exposed to the bath should not bo greater in circumference than that 
covered by the liquid inside. 

Evaporate 100 cc of the vinegar to 5 cc, add 20 cc of II iO, and again evaporate 
to 5 cc to expel acetic acid. Treat the residue with al)0ut 5 g of 40-mesh sand and 15 
cc of the milk of lime and evaporate almost to dryness, with frequent stirring, avoid- 
ing the formation of a dry crust or evaporation to eomi)lete dryness. Treat the moist 
residue with 5 cc of H2O; rub into a homogeneous paste; add slowly 45 cc of absolute 
alcohol, washing down the sides of the dish to remove adhering paste; and stir thor- 
oly. Heat the mixture on a water bath, with constant stirring, to incipiejit boiling; 
transfer to a suitable vessel; and centrifuge. Decant the clear liquid into a porcelain 
dish and wash the residue with several small portions of hot alcohol, 90% by volume, 
by aid of the centrifuge. (If a centrifuge is not available, decant the liquid thru a 
folded filter into a porcelain dish. Wash the residue repeatedly with small portions 
of hot 90% alcohol, twice by decantation, and then i)y transferring all the material 
to the filter. Continue the washing until the filtrate amounts to loO cc.) Evaporate 
to a sinipy consistency, add 10 cc of aljsolute alcohol to dissolve this residue, and 
transfer to a 50 cc glass-stoppered cylinder, washing the dish with successive small 
portions of absolute alcohol until the volume of the soln is 20 cc. Add 3 portions of 
lO cc each of anhydrous ether, shaking thoroly after each addition. Let stand until 
clear, pour off thru a filter, and wash the cylinder and filter with a mixture of 2 
volumes of absolute alcohol and 3 of anhydrous ether. H a heavy precipitate has 
formed in the cylinder, centrifuge at low speed, decant the clear liquid, and wash 3 
times with 20 cc portions of the alcohol-ether mixture, shaking the mixture thoroly 
each time and separating the precipitate by means of the centrifuge. Wash the paper 
with the alcohol-ether mixture and evaporate the filtrate and washings on the water 
bath to about 5 cc, add 20 cc of HjO, and again evaporate to 5 cc; again add 20 ce 
of H2O and evaporate to 5 cc; finally add 10 cc of HiO and evaporate to 5 cc. 

These evaporations are necessary to remove all the ether and alcohol, and when 
conducted at 8.5-90° they result in no loss of glycerol if the concentration of the 
latter is less than 50%. 

Transfer the residue with hot ILO to a 50 cc volumetric flask, cool, add the 
Ag2COx prepared from 0.1 g of Ag2S()4, shake, and allow' to stand 10 min. Then add 
0.5 cc of basic Pb acetate soitt, XXXIV, 18(a); .shake occasionally, and allow to stand 
10 min. Make up to the mark, shake well, filter, rejecting the first portion of the 
filtrate, and pipet 25 cc of the clear filtrate into a 250 cc volumetric flask. 
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Add 1 cc of H2SO4 to precipitate the excess of Pb and then 30 cc of Reagent (a). 
Add carefully 24 ct: of HjSO-i, rotating the flask gently to mix the contents and avoid 
violent ebullition, and then place in a boiling water bath for exactly 20 min. Remove 
the flask from the bath, dilute, cool, and make up to the mark at room temp. The 
quantity of strong dichromale soln used must be sufficient to leave an excess of 
about 12.5 cc at the end of the oxidation, the quantity given above (30 cc) being 
sufficient for ordinary vinegar containing about 0.35 g or less of glycerol per 100 cc. 

Standardize the ferrous ammonium sulfate soln by pipetting 20 cc into a 250 cc 
beaker, adding 20 cc of the retarder, 4 drops of the indicator, and about 100 cc of 
H2O. Titrate with the dilute potassium dichromate soln until the liquid assumes a 
dark green color, then add the dichromate slowly dropwise, stirring continuously, 
until the color changes from a blue gray to a deep violet. Designate the cc of dilute 
dichromate soln used as (a). In place of the dilute dichromate soln, substitute a 
buret containing the oxidized glycerol with an excess of the strong dichromate soln 
and titrate 20 cc of the ferrous ammonium sulfate soln as before, designating the 
cc used as (b). 

From the figures obtained calculate the glycerol (g per 100 cc of vinegar) by the 
followdng formula: 

/ 2o^\ Q Q2, m which 

V 20(6) / 

G = g of glycerol per 100 cc of vinegar, and D =cc of the strong potassium dichro- 
mate soln used to oxidize the glycerol. 

73 COLOR— OFFICIAL 

Determine the depth of color in a T.ovibond tintometer by good reflected day- 
light, using 4- nr 1-inch cell and the brewer's scale. Report the result in terms of 
5-inch cell and so state. 

74 COLOR REMOVED BY FULLERS’ EARTHis— TENTATIVE 

To 50 cc of the sample add 10 g of fullers’ earth, shake at intervals for 30 min., 
and filter thru a folded filter. Place as much of the filtrate as is available into a color- 
imeter tube and place an equal volume of the original sauqile in a corresponding 
tube; dilute both with HjO to a volume of 50 cc and compare colors. Express the 
result as percentage of color removed. Not all fullers’ earth is satisfactory for this 
test. The efficiency of the reagent should be determined on a sample of distilled 
vinegar known to be colored with caramel. 

75 POLARIZATION®— TENTATIVE 

Whenever possililc, polarize in a 200 mm tube without decolorizing. Report re- 
sults on iiasis of 200 mm tube in degrees Ventzke. When necessary, decolorize as 
follows: 

(a) To 50 cc of tlie sample add a measured quantity of saturated neutral Pb ace- 
tate soln, avoiding an excess of Pb; filter, remove Pb with powdered anhydrous K 
oxalate, and filter. Polarize and correct for the dilution with Pb acetate soln. 

(b) To 50 CO of the sample add decolorizing C, avoiding an excessive amount or 
length of treatment. Filter thru a double paper and polarize. 

76 SULFATES— OFFICUL 

To 100 cc of the absolutely clear sample, add 2 cc of approximately normal HCl; 
heat to boiling; add 10 cc of hot BaClj soln (1 g per 100 cc), dropwise, and continue 
the boiling 5 min., keeping the volume approximately constant by adding hot HtO 
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from time to time as required. Allow to stand until the supernatant liquid is clear. 
Overnight is convenient> but this time should not be exceeded. Filter on an ashless 
filter paper or a weighed Munroe orucible.^^ Wash free from chlorides with hot lisO, 
dry, ignite at a low red heat, cool, and weigh. Express the result as mg of SOs in 
100 cc of vinegar. 

77 FORMIC ACID'^=— OFFICIAL 

Use the apparatus described under XXXn,40. Introduce 100 cc of the sample into 
flask (.4); add 0.4 0.5 g of tartaric acid and place in position as shown in the figure, 
having previously charged the flask B with a suspension of 15 g of CaCOs in 100 cc 
of H2O. Heat the contents of flasks A and B to boiling and distil wdth steam from 
the generator the vapor passing first thru the sample in flask A, then thru the 
boiling suspension of CaCOj in flask B, after which it is condensed and measured 
in the receiver C. Maintain the volume of liquid in flask B as nearly constant as 
possible and reduce the volume of the sample in flask A to 30- 40 cc by heating with 
small Bunsen flames. Continue the distillatiou until 1 liter of distillate is collected. 
Disconnect the apparatus, filter the CaCO? suspension, and w'ash the CaCOa that 
remains on the paper with a little hot H2O. Render the filtrate faintly acid with HCI, 
add 10“15 cc of HgCU reagent, XXXII, 39(b), mix, and heat on a boiling water bath 
for 2 hours. Filter on a weighed Gooch crucible and wash the precipitate thoroly 
with cold HjO and finally with a little alcohol. Dry in a boiling water oven for 30 
min., cool in a desiccator, weigh, and calculate the weight of HCOOH present by 
multiplying the weight of the precipitate by 0.0975. 

TARTARIC ACID AND TARTRATES 

78 Qualitative Test — Ojficial 

Evaporate 50 cc of the vinegar in a porcelain dish to a volume of about 10 cc, 

filter into a test tube, a<ld 1 cc of 25% CaCU solu and 2 cc of 50% NH4 acetate soln, 

and allow to stand overrught. In the presence of tartaric acid a deposit of Ca tar- 
trate is formed, the crystals of svhich may he identified under the microscope by 
their characteristic form. 

79 TOTAL TARTARIC ACID- OFFICIAL 

Evaporate 200 cc of the sample to a sirupy consistency to remove excess of acetic 
acid, dilute to the original volume with H2O in a volumetric flask, determine the 
acidity as directed under 63, and determine total tartaric acid in a 100 cc aliquot as 
directed under XV, 26, u.sing 20 cc of alcohol in the precipitation instead of 15 cc. 

FREE MINERAL ACIDS 

80 /. f.ogu'ood MethofP^ — Tenialive 

Prepare an extract of logwood as follows: Pour 100 cc of boiling IGO upon 2 g of 
fresh logwood chips, allow the infusion to stand for a few hours, and filter. Place 
several drops of the liquid on a porcelain surface and dry on a water hath. Add to 
one of the spots a drop of the vinegar to be tested (after concentration if desirable) 
and evaporate to dryness. A yellow tint remains if free mineral acids are absent, 
a red tint if they are present. 

81 I L Methyl Violet Method — Tentative 

Add 5-10 cc of H2O to 5 cc of vinegar, and after mixing well add 4 or 5 drops of 
methyl violet soln (1 part of methyl violet 2B in 10,000 parts of H2O). A blue or 
green coloration indicates the presence of a free mineral acid. 
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82 III, Quanlitaiiv^', Method — Tentative 

To a measured quantity of the sample add a measured excess of standard alkali, 
evaporate to dryness, incinerate, and titrate the ash with standard acid, using 
methyl orange indicator. The difference between the number of cc of alkali first 
added and the number of cc of acid needed to titrate the ash represents the free 
mineral acid present. 

83 METALS TENTATIVE 
Proceed as directed under XXIX. 

84 DEXTRIN (QUALITATIVE TEST)— TENTATIVE 

Evaporate 100 cc of the vinegar to a volume of about 15 cc. Add slowly and with 
constant stirring 200 cc of 95% alcohol and allow' to stand overnight. The precipi- 
tate formed should be tested for dextrin by the optical rotation and color reaction 
with I. 

85 SPICES AND ADDED PUNGENT MATERIALS (QUALITATIVE TEST)— TENTATIVE 
Neutralize exactly a portion of the vinegar and test by taste and smell. Agitate 

the liquid wdth ether in a separatory funnel, remove, evaporate the ethereal layer, 
and note the odor and taste of the residue. 

86 COLORING MATTERS— TENTATIVE 
Proceed as directed under XXI. 


87 PRESERVATIVES— OFFICIAL 

Proceed as directed under XXXII. 
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SUGARS, SIRUPS, AND MOLASSES 

1 PREPARATION OP SAMPLE— OFFICIAL 

(a) Solids {sugars, eic.). — Grind, if necessary, and mix thoroly to secure uniform 
samples. In the case of raw sugars mix thoroly and in the shortest possible lime on 
a glass plate with a spatula, reducing lumps when present with a glass or iron roll- 
ing pin; or mix thoroly and in the shortest possible time in a large, clean, dry mortar, 
using a pestle to reduce lumps when present. 

(b) Semi-solids {massecuites, etc,). — Weigh 50 g of the sample, dissolve crystals 
of sugar ill the minimum amount of H2O, wash into a 260 cc volumetric flask, fill 
to the mark, and mix thoroly; or weigh 50 g of the sample and dilute with HjO to 
100 g. If insoluble material remains, mix uniformly by shaking before taking ali- 
quots or weighed portions for the various determinations. 

(c) Liquids {molasses, sirups, etc.). — Mix materials thoroly. If crystals of sugar 
are present, dissolve them either by heating gently (avoiding loss of H^O by evapo- 
ration) or by weighing the whole mass, then adding HjO, heating until completely 
dissolved and after cooling, reweighing. Calculate all results to the weight of the 
original substance. 

2 MOISTURE— OFFICUL 

Direct Drying 

Dry 2-5 g of the prepared sample, 1(a), in a flat dish (Ni, Pt, or Al) at the temp, 
of boiling H A) for 10 hours; cool in a desiccator and weigh. Dry again for an hour 
or until the change in weight is not more than 2 mg. In the case of sugars of large 
grain, heat at 105-110° to expel the last traces of occluded Report the los.s 
in weight as moisture. 

3 Drying upon Pumice Stone — Official 

(Applicable to massecuites, molasses and other liquid and semiliquid products.) 

Prepare pumice stone of 2 grade.s of fineness, one of which will pass thru a 1 mm 
sieve, the other thru a 0 mm hut not a 1 mm sieve. Digest each with II2SO4 (I *1-4) 
for 8 hours on a steam bath. Wash free from acid and heat to dull redness. Make the 
determination in a flat metallic dish GO mm in diameter. Place a layer of the fine 
pumice stone, 3 mm in thickiie.Hs, on the bottom of the dish, then a layer of the 
coarse pumice stone, 6-10 mm in thickness; dry, and weigh. Dilute the sample with 
a weighed portion of H2O so that the diluted material shall contain 20-30% of solirl 
matter. Weigh into the dish, prepared as described, the quantity of diluted sample 
to yield, approximately, 1 g of dry matter. If this weighing can not be made rapidly, 
use a weighing bottle provided with a cork thru which a pipet passes. Dry at TO® 
under a pressure of not to exceed 100 mm of Hg, making trial weighings at intervals 
of 2 hours toward the end of the drying period until the change in weight does not 
exceed 2 mg. Report the loss in weight as moisture. For substances containing little 
or no levulose or other readily decomposable substance, the drying may be made 
in a water oven at the temp, of boiling HjO. 
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4 Drying upon Quartz Sand‘d — OJflcial 

(Applicable to massecuites, molasses and other liquid and semiliquid products.) 

Digest pure quartz sand that will pass a 40-mesh but not a 60-mesh sieve with 
HCl, wash free from acid, dry, and ignite. Preserve in a stoppered bottle. Place 
25-30 g of the prepared sand and a short stirring rod in a dish approximately 55 
mm in diameter and 40 mm in depth, fitted with a cover. Dry thoroly, cover dish, 
cool in a desiccator, and weigh immediately. Then add sufficient diluted sample of 
known weight to yield approximately 1 g of dry matter and mix thoroly with the 
sand. Heat on a steam bath for 15-20 min., stirring at intervals of 2-3 min., or until 
the mass becomes too stiff to manipulate readily. Dry at 70" under a pressure of 
not to exceed 100 mm of Hg, making trial weighings at 2 hour intervals toward the 
end of the drying period (about 18 hours) until the change in weight does not exceed 
2 mg. 

For materials containing no levulosc or other readily decomposable substance the 
material may he dried at atmospheric pressure in a water oven at the temp, of boil- 
ing HjO, heated for 8-10 hours, cooled in a desiccator, and weighed, the heating and 
weighing being repeated until the loss in 1 hour does not exceed 2 mg. Report the 
loss in weight as moisture. 

(Dry sand, as well as the dried sample, will absorb an appreciable quantity of 
moisture on standing over most desiccating agents, so all weighings should be made 
as quickly as possible after cooling in the desiccator.) 


SOLIDS 

(Not accurate when applied to low-grade sugar products, molasses, and other 
materials containing large quantities of non-sugar solids, but extensively used for 
approximate results.) 


5 


Bij Means of a S pin die— Official 


The density of juices, sirups, etc., is conveniently determined by means of the 
Rrix or Baumti hytlrometer, preferably the former, as the graduations of the scale 
give close approximations to the percentages of total solids. A table for comparison 
of degrees Hrix (a den.sity scale indicating directly the percentage by weight of pure 
sucrose in pure solns), degrees Baume (modulus 145), sp. gr. at 20/4", and sp. gr, 
at 20/20" is given under XLII, 3. 

Use a spindle graduated in tenths and as limited as possible in the range of de- 
grees recorded and a cylinder of sufficient diameter to permit the spindle to come 
to rest without touching the sides. Allow the soln to come as nearly as practicable 
to the same teinj). as the air at the time of reading, and if this varies more than 1" 
from the temp, at which the spindle was graduated, 20", apply a correction accord- 
ing to XLII, 4 . Before taking the density of a juice, allow it to stand in the cylinder 
until all air bubbles have escaped and all fatty or waxy matters have come to the 
top and been skimmed off. (Air bubbles may be conveniently removed, especially 
in the case of solns of high density, by applying vacuum to the cylinder by means 
of a tube passing thru a stopper inserted in the top of the cylinder.) If the sample 
is too dense to tietermine the density directly, dilute a weiglied portion with a 
weighed quantity of lUO, or dissolve a weighed portion and dilute to a known vol- 
ume with HjO. In the first instance the percentage of total solids is calculated by the 


following formula: Percentage of solids in the undiluted material ^ 


WS 


which 
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S == percentage of solids in the diluted material , 

W — weight of the diluted material; and 
w =» weight of sample taken for dilution. 

When the dilution is made to a definite volume, use the following formula: 

Percentage of solids in the undiluted material , in which 

w 

V = volume of the diluted sola at a given temp.; 

D =sp. gr. of the diluted soln at the same temp.; 

5 = per 0 entage of solids in the diluted soln at the same temp.; and 
tr = weight of the sample taken for dilution. 

By Means of a Fycnomeier'^ — Official 

(a) Specific gravity {in vacuo or in air ). — Determine the sp. gr. of the soln at 
20/4'*, 20/20'* in vacuo or 20/20'* in air as directed under XIV, 3, and ascertain the 
corresponding percentage by weight of sugar solids from the appropriate table, 
LXII, 3, or 5. When the density of the substance is too high for a direct deter- 
mination, dilute and then calculate the siicro.se content of the original material as 
directed under 5. 

(b) Specific gravity of molasses . — Use a special 100 cc volumetric flask with a neck 
of approximately 8 mm inside diameter. Weigh the flask empty and then fill it with 
molasses, using a long-stemmed funnel reaching below the graduation mark, until 
the level of the molasses is up to the lower end of the neck of the flask. (The flow of 
molasses may be stopped by inserting a glass rod of suitable size into the funnel so 
as to close the stem opening.) Remove the funnel carefully to prevent the molasses 
coming in contact with the neck, and weigh flask and molasses. Add H 2 O almost up 
to the graduation mark, running it down the side of the neck to prevent mixing 
with the molasses. Allow to stand several hours or overnight to permit the escape 
of bubbles. Place the flask in a constant temp. H 2 O bath, preferably at 20'*, and leave 
until it reaches the temp, of the bath; then make to volume at that temp, with H 2 O. 
Weigh. Reduce the weight of the mola.sses to vacuo and calculate the density. 
Ascertain the corresponding Brix or Baiim6 reading from XLII, Table 3. 


Example. grams 

A, HjO capacity of flask 20'* = 99.823 

B, weight of molasses 20° =132.834 

C, weight of molasses and lUO 20° =137,968 

C~B = weight of water added = 5.134 


A—{C — B) = weight of 1120 occupying space of molasses = 94.689 
132.834 

— — = 1 . 403 sp. gr, molasses. 

94.689 

7 By Means of a Ref racto meter* — Official 

(Applicable only to liquid samples containing no undissolved solids.) 

Determine the refractometer reading of the soln at 20'* and obtain the correspond- 
ing percentageof dry substance from either thedirect reading, if asiigar refractom- 
eter is used, or from Table 6, XLII, if the instrument gives readings in terms of 
refractive index. (3rculate H 2 O at a constant temp., preferably 20°, thru the jackets 
of the refractometer or thru the trough of the immersion instrument, long enough 
to allow the temp, of the prisms and of the sample to reach an equilibrium, con- 
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tinning the circulation during observations and taking care that constant temp, is 
maintained. If the determination is made at a temp, other than 20°, or if the humid- 
ity causes condensation of moisture on the exposed faces of the prisms, make the 
measurements at room temp, and correct the readings to the standard temp, of 
20° according to Table 7, XL II. If the soln is too dark to be read in the instrument, 
dilute with a concentrated sugar soln; never use Il20for this purpose. Mix weighed 
quantities of the soln under examination and a soln of pure sugar of about the 
same strength, and obtain the quantity of dry substance in the former by the 
following formula; 

iA+B)C--BD . , 

, m which 

A 

j; = percentage of dry substance to be found; 

A = weight in g of the sample mixed with B; 

.0 = weight in g of pure sugar soln used in the dilution; 

(7 = percentage of dry substance in the mixture A -\- B obtained from the re- 
fractive index; and 

/J = percentage of dry substance in the pure sugar soln obtained from its re- 
fractive index. 


ASH- OFFICIAL 
Carhonaied Ask 

8 Method I . 

Heat 5-10 g of the sample in a 50-100 cc Pt dish at 100° until the H2O is expelled, 
add a few drops of pure olive oil, and heat slowly over a flame until swelling ceases. 
Then place the dish in a muffle and heat at low redness until a white ash is obtained. 
Treat the residue with a little (NH4)2COs soln, re-evaporate, and heat again in the 
muffle at a very dull red heat to constant weight. 

9 Method II. 

Carbonize 5 -10 g of the sarajile in :i .50-100 cc Pt dish at a low heat and treat the 
charred mass with hot H2O to di.ssolve the soluble salts. (In the case of low-purity 
products the addition of a few drops of pure olive oil, as in 8, may be desirable.) 
Filter thru an ashless filter, ignite filter and residue to a white ash, add the filtrate 
of soluble salts, evaporate to dryness, and ignite gently. Treat the residue with a 
little (NIIAiCOs soln, re-evaporate, and heat again in the muffle at a very dull red 
heat to constant weight. 

10 Sulfated Ash 

Weigh 5gof the sample into a 50-100 cc Pt dish, add 0.5 cc of HaSOi, ignite gently 
until the sample is w'ell (larboidzed, and then burn in a muffle at low redness. Cool, 
add a few drops more of 112^04, heat until fully volatilized, cool, and weigh. Express 
the result as percentage of sulfated ash. 

11 MINERAL CONSTITUENTS -OFFICIAL 
Proceed as directed under XII. 

12 SOLUBLE AND INSOLUBLE ASH OFFICIAL 

Ash the material as directed under 8 or 9. Add H2O to the ash in the Pt dish, heat 
nearly to boiling, filter thru an ashless filter, and wash with hot HjO until the com- 
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bined filtrate and washings measure about 60 cc. Return the filter and contents to 
the Pt dish, ignite carefully, cool, and weigh. Calculate the percentages of water- 
soluble and water-insoluble ash. 

13 ALKALINITY OF SOLUBLE ASH -OFFICIAL 

Cool the filtrate from 12 and titrate with 0.1 N HCl, II, 19(a), using methyl 
orange indicator, VI, 3(f). Express the alkalinity in terms of the number of cc of 
normal acid per 100 g of sample. 

14 ALKALINITY OF INSOLUBLE ASH— OFFICIAL 

Add an excess of 0.1 N HCI (usually 10-15 cc) to the ignited insoluble ash in the 
Pt dish, under 12, heat to inci])ient boiling on an asbestos plate, cool, and titrate 
the excess of II Cl with 0.1 N NaOH, using methyl orange indicator. Express the 
alkalinity in terms of the number of cc of normal acid per 100 g of the sample. 

15 MINERAL ADULTERANTS IN THE ASH =■— TENTATIVE 

In a large porcelain evaporating dish, mix 100 g of the sample with about 35 g of 
IloSOi and evaporate to a sirupy consistency. Pass an electric current thru it while 
stirring by placing one Pt electrode in the bottom of the dish near one side and 
attaching the other to the lower end of the glass rod with which the contents are 
stirred. Begin with a current of about 1 amjiere and gradually increase to 4. In 10- 

15 min. the mass is reduced to a fine dry char, which may be readily burned to a 
white ash in the original dish over a free flame or in a muffle. 

This method is preferred to the ordinary method of heating with H2SO4, especially 
in the case of molasses, because if properly manipulated the material comes quickly 
into the form of a very finely divided char or powder that is especially adapted for 
subse(iuent quick ignition. 

If an electric current is not available, treat in a large porcelain dish 100 g of the 
saccharine soln, evaporated to a sirupy consistency, with sufficient TIiS04 to car- 
bonize the mass thoroly and ignite in the usual manner. 

The following adulterants may be present: salts of tin, used in molasses to bleach; 
mineral pigments, such as PbCrOi in yellow confectionery; oxide of iron, sometimes 
used to simulate the color of chocolate, and (bi. These elements may be detected 
by the usual qualitative tests. 

16 NITROGEN-OFFICIAL 

Determine X in 5 g of the material as directed under II, 21, 23, or 25, using a 
larger quantity of the H2SO4 if necessary for complete digestion. 

SUCROSE— POLARIMETRIC METHODS 

GENERAL PROCEnURE 

17 (a) Directions for Ran: Sugars — Official 

(Rules of the International Commission for Unifying Methods of Sugar Analysis®.) 
“In general all polarizations are to be made at 20”. 

“The verification of the saccharimeter must also be made at20°. For instruments 
using the Ventzke scale 26 g of pure dry sucrose, weighed in air with brass weights, 
dissolved in H2O so that 100 cc of soln is obtained at 20° and polarized in a room or 
cabinet, the temp, of which is also 20°, must give a saccharimeter reading of exactly 
100.00. The temp, of the sugar soln during polarization must be kept constant at 
20V^ 
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According to the determination of Bates and Jackson^ at the U. S, Bureau of 
Standards, the Ventzke scale aaccharimeter reading for 26 g of pure dry sucrose un- 
der the above conditions is 99.895. The Ventzke scale reading has been re-deter- 
mined by Balch and HilP and by Zerban, Gamble and Hardin,® who found values of 
99.907° and 99.912°, respectively. The average value of these three independent ob- 
servers is 99 . 9 O 5 . 

"For countries where the mean temp, is higher than 20°, saccharimeters may be 
adjusted at 30° or any other suitable temp., under the conditions specified above, 
provided the sugar soln be diluted to final volume and polarized at this same temp. 

"In determining the polarization of substances containing sugar employ only 
half-shade instruments." 

The saccharimeter used may have either a single or double wedge and should be 
a half-shadow instrument with either double or triple field. 

"During the observation keep the apparatus in a fixed position and so far removed 
from the source of light that the polarizing Nicol is not warmed. 

"As sources of light, employ Iamj)s which give a strong illumination, such as triple 
gas burner with metallic cylinder, lens, and reflector; gas lamps with Auer (Wels- 
bach) burner; electric lamp; petroleum duplex lamp; or Na light. Whenever there is 
any irregularity in the sources of light such as that due to the convolutions of the 
filament in the case of electric light or to the meshes of the gauze in the case of the 
Welsbach light, place a thin ground-glass plate between the source of light and the 
polariscope so as to render the illumination uniform. 

"Before and after each set of observations the chemist must satisfy himself of the 
correct adjustment of his saccharimeter by means of standardized quartz plates. He 
mu.st also previously satisfy himself of the accuracy of his weights, polarization 
flasks, observation tubes, and cover -glasses. (Scratched cover-glasses must not be 
used.) Make several readings and take the mean thereof, but no one reading may 
be neglected." 

The quartz plates arc standardized to read to the second decimal place, and by 
their use a quick and at the same time accurate test can be made. In using such 
plates for testing saccharimeters, it is necessary that the instrument, as well as the 
plate, be at 20° before a reading is made. Different points of the scale, preferably 
20°, 50°, 80°, and 100° (sugar scale), should be tested against the plates. The scale 
may also be standardized by means of a carefully calibrated telescopic control 
tube.® A new type of telescopic control tube of high accuracy has recently been 
described by Zerban, Gamble and Hardin.* 

"In determining the polarization use the whole normal weight for 100 cc or a 
multiple thereof for any corresponding volume. 

"As clarifying and decolorizing agents use basic acetate of lead . . . , alumina 
cream, or concentrated soln of alum, Boneblack and decolorizing powders are to be 
excluded." 

Whenever reducing sugars are determined in the soln for polarizing, use only neu- 
tral Pb acetate for clarification, as basic Pb acetate causes preci])itation of some of 
the reducing sugars. In addition to the clarifying agents mentioned, basic Pb 
nitrate has been made offlcial by the Association. 

"After bringing the soln exactly to the mark at the proper temp,, and after wiping 
out the neck of the flask with filter paper, pour all the well-shaken clarified sugar 
soln on a rapidly acting, dry filter. Reject the first portion of the filtrate and use the 
remainder, which must be perfectly clear, for polarization." 

Cover the funnel at the start of filtration. It is advisable to reject the first 25 cc 
that runs thru, and use the remainder for polarization. In no case should the whole 
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soln or any part be returned to the filter. If cloudy after the 2o cc has been rejected, 
begin a new determination. 

“Whenever white light is used in polarinietric determinations, the same must be 
filtered thru a soln of K^CraOi of such a concentration that the percentage content 
of the soln multiplied by the length of the column of the soln in centimeters is equal 
to nine.” 

This concentration must be doubled in polarizing carbohydrate materials of high 
rotation dispersion, such as commercial glucose, etc. 


(b) Conversion Factors of Different Sacckari meter Scales 


1 Ventzke Sugar Scale 
1° Angular Rotation D* 
Normal weight \"entzke Scale 

1° Bureau Standards Scale 
1° Angular Rotation D 


= 0.34657^ Angular Rotation D 
= 2.88542° Ventzke Sugar Scale 
= 26.026 grams 

= 0.34620° Angular Rotation D 
= 2.88850° Bureau Standards Scale 


Normal weight Bur. Stand. Scale = 26.000 grams 


1° Bidecimal Scale 
1° Angular Rotation D 
Normal weight Bidecimal Scale 

1° French Sugar Scale 
1° Angular Rotation D 
Normal weight French Scale 

1° Wild Sugar Scale 
1° Angular Rotation D 
Normal weight Wild Sugar Scale 


= 0.26622° Angular Rotation D 
= 3.75629° Bideciinal Scale 
= 20.000 grams 

= 0.21666° Angular Rotation I) 
= 4.61553° French Sugar Scale 
= 16.29 grams 

= 0.13284° Angular Rotation D 
= 7.52814° Wild Sugar Scale 
= 10.00 grams 


18 Preparation and Use of Clarifying Reagents'^— Official 

(a) Basic lead acetate soln. — Boil 430 g of neutral Pb acetate, 130 g of litharge, 
and 1 liter of H 2 O for 30 min. Allow the mixture to cool and settle and thou dilute 
the supernatant liquid to a sp. gr. of 1.25 with recently boiled HjO. Solid basic Pb 
acetate may be substituted for the normal salt and litharge in the preparation of 
the soln. (This reagent is used primarily for clarifying dark colored cane, sorghum, 
and beet products when sucro.se is determined liy jiolariscopic methods.) 

(b) Alumina cream. — Prepare a cold saturated soln of alum in HjO. Add NII 4 OH 
with constant stirring until the soln is alkaline to litmus, allow the precipitate to 
settle, and wash by decantation with HjO until the wash M 2 O gives only a slight 
test for sulfates with BaCl 2 soln. Pour off the exces.s of 1120 and store the residual 
cream in a stoppered bottle. (Alumina cream is suitable for clarifying light colored 
sugar products or as an adjunct to other agents when sugars are determined by 
polariscopic or reducing sugar methods.) 

(c) Dry basic lead acetate.— Obtained as a dry powdered salt and should contain 
72.8% of Pb, which corresponds tb a composition of 3 Pb ((l 2 H 302 )z ‘2 PbU. Of this 
salt, about J g = 1 cc of the basic Pb acetate soln described under (a). In making the 
clarification, add a small quantity of the dry salt to the sugar soln after completion 
to volume and shake; then add more salt and shake again, repeating the addition 


• The deaignation D refers to sodium lii^ht of 5893® Angst 


rom. 
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until precipitation is complete, but avoiding any excess. When molasses or any other 
substance producing a heavy precipitate is being clarified, add some dry, coarse 
sand to break up the pellets of basic Pb acetate and precipitate. (Dry basic Pb ace- 
tate can also be used in place of a soln of this salt in clarifying cane, sorghum, and 
beet products.) 

(d) Neutral lead acetate . — Prepare a saturated soln of neutral Pb acetate and add 
it to the sugar soln before completing to volume. (This reagent may be used for 
clarifying light-colored sugar products when sugars are determined by polariscopic 
methods, and its use is imperative w^hen reducing sugars are determined in the soln 
used for polarization.) 

(e) Basic lead nitrate. — (1) Dissolve 250 g of Pb(N 03)2 in H 2 O and make up to 
500 cc. (2) Dissolve 25 g of NaOH in H 2 O and make up to 500 cc. In making the 
clarification, add equal quantities of (I) and (2) to the sugar soln, shake, and add 
more if complete precipitation has not occurred, but avoid an excess. Then complete 
the volume with (This reagent is used for the same purposes as the one de- 
scribed under 18(a).) When this soln is used for clarification, the factor in the Cler- 
get determination by acid becomes 143.5. 

19 Temperature Corrections for the Polarization of Sugars^^ — Tentative 

(a) Refined sugars . — The polarizations of sugars testing 99 or above, when made 
at a temp, other than 20°, may be calculated to polarizations at 20° by the following 
formula: 

p 2 o = yj'(l +0.0003 (i-20)), in which 
P*' =thc polarization at the temp, read; and 
i =the temp, at which the polarization is read. 

(b) Ran' cam The polarizations of raw cane sugars, \\ heji made at temps, 

other than 20°, may be calculated to polarizations at 20° by the following formula: 

P 2 (, = ;,i+0.0015 (//-SO) (t-20), in which 

p* and i are the same as in the formula under (a). 

When the ])erceiitage of levulose in the sugar is known (which in the case of hon- 
eys and sugar cane products is approximately ^ the reducing sugars), the following 
formula should be used; 

P,a = p^+O.OmS It -20) - 0.0081 2L (t-20), in which 
and t are the same a.s in the formula under (a) ; 

8= the percentage of sucrose; and 
L = the percentage of levulose. 

These formulas give results agreeing closely with the polarizations obtained at 20° 
if the sugar is of average normal composition. 

20 M utarotaiion 

Products, such as honey and commercial glucose, that contain dextrose or other 
reducing sugars in crystalline form or in soln at high density may exhibit the phe- 
nomenon of mutarotation under the coiuUtions jircvailing during analysis}. Only 
constant rotation should bo used in polarimetric methods. To obtain this, allow the 
soln prepared for polarization to stand overnight, before making the reading. If it 
is desiretl to make the reading immediately, heat the neutral (pH approximately 
7.0) solti to boiling for a few moments or adtl a few drops of NHaOH before com- 
pleting to volume; or, if the soln has i)cen made to volume, add dry NajCOj until 
just distinctly alkaline, to litmus paper. (Do not allow the slightly alkaline solns to 
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stand at such high temps, or for such lengths of time as to cause destruction of fruc- 
tose.) Determine the completion of mutarotation by making readings at 15-30 min. 
intervals until these become constant. 

SUCROSE IN THE ABSENCE OF RAFFINOSE 
/. By Polarization Before and After Inversion with Invertase^"^ — Official 
21 KEAGENT 

Invertase soln, — Commercial invertase preparations are available on the market. 
If it is desired to prepare the soln in the laboratory, the procedure described under 
(1) may be used. In either case the preparation may be further purified and concen- 
trated by the ultrafiltratioii method described under (3). Commercial preparations 
may also be purified by dialysis and then reconcentrated by evaporating in vacuo 
at a temp, not to exceed 40°. 

(1) Crude invertase soln. — Mix yeast with HaO in the proportion of 10 lbs of com- 
pressed bakers’ yeast to 5 liters of H^O. Add 2 liters of toluene and stir thoroly 
at frequent intervals during the first 24 hours. Allow to stand for 7 days with 
occasional stirring and filter by gravity thru large fluted papers. Mix the resi- 
due with 2 liters of H 2 O, filter, and combine the filtrates. Purify^* by adding 15 g 
of neutral Pb acetate to each liter of extract and filtering on paper after all Pb ace- 
tate has been dissolved. Complete the purification immediately by dialysis or by 
washing on the ultrafilter as directed under (3). 

(2) Collodion af/ru/if/er. "—Dissolve 0 g of soluble (in alcohol and ether mixture) 
pyroxylin or nitro-cellulose such as.\storia's in a mixture of 50 cc of absohite alcohol 
and 50 cc of absolute ether by first adding the alcohol to the cotton, allowing the 
mixture to stand in a stoppered flask for 10 min., adding the ether, and shaking. 
Allow the soln to stand overnight, pour about 100 cc into a 2000 cc cylinder, anti 
coat the entire inside surface of the cylinder with the collodion. Drain, and dry for 
10 min. Fill with H 2 O, let stand 10-15 min., pour out the HA), and remove the col- 
lodion sack. Test for leaks by filling with H 2 O. Slit open longitudinally and cut out 
a circular piece about 7-8 inches in diameter. Cut the bottom from a 2 liter bottle 
or Erlenmeyer flask and grind the edge smooth. Place it upon the still moist col- 
lodion disk, fold the edge of the di.sk up arountl the bottle, and cement it thereto 
with collodion that contains an increased percentage of ether. Place 3 or 4 thick- 
nesses of wet filter paper in an 8 inch Buchner funnel. Place the bottle with the col- 
lodion membrane upon the filter paper. Pour melted va.soline, to the depth of an 
inch, between the bottle and inside of the funnel. Provide the bottle with a small 
mechanical stirring device. 

f3) Washing and concentration of inverla.se soln by ultrafdlration. — Filter 4 liters of 
the partially purified soln thru the ultrafdter, stirring continuously, until about 1 
liter remains. Wash with distilled HjO introduced by means of a constant level de- 
vice until the filtrate is colorless, 3 or 4 liters of wash H 2 O being required. During 
the entire process the invertase soln should be preserved with toluene. 

(4) Activity of invertase soln. — The following test for activity of the invertase soln 
is usually adequate: Dilute 1 cc of the invertase prei)aration to 200 cc. Transfer 10 
g of sucrose (granulated sugar) to a sugar flask graduate<l at 100 cc and 110 cc, dis- 
solve in about 75 cc of add 2 drops of glacial acetic acid, and dilute to the 100 
cc mark. To the 100 cc of sugar soln add 10 cc of the dilute invertase soln and mix 
thoroly and rapidly, noting the exact time at which the solns arc mixed. At the ter- 
mination of exactly 60 min. make a portion of the soln just distinctly alkaline to 
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litmus paper with anhydrous NajCOs and polarize in a 200 mm tube at 20®. If the 
invertase soln is sufficiently active, the alkaline soln will polarize approximately 31“ 
Ventzke without correcting for the dilution to 110 cc and the optical activity of the 
invertase soln. 

If more exact information concerning the activity of the invertase preparation is 
desired, determine its velocity constant as follows: Dilute I cc of the invertase soln 
to 200 cc at 20“; place in a constant temp, bath at 20“; and when the soln has at- 
tained the latter temp., pipet 20 cc of it into a flask containing 200 cc of a sucrose 
soln (10 g per 100 cc concentration) that has been previously made distinctly acid 
to methyl red (corresponding to pH approximately 4.6^^) by the addition of acetic 
acid and also brought to a temp, of 20® in the same bath. Mix thoroly and promptly 
and note the time at w'hich the invertase soln was added. Keej) the sucrose-invertase 
mixture in the constant temp, bath; remove portions at the end of 15, 30, and 45 
min.; render each portion just distinctly alkaline to litmus paper with anhydrous 
NajCOa immediately after removing; and polarize at 20°. Correct all polarizations 
for the polarization of the invertase soln. Calculate the velocity constant, k, for each 
of the polarizations (at the time t) subsequent to the initial polarization by the 
following formula: 

log 10 1.32 “logio (/?r +0.32 /?o) . .• i 

, in which 

t 

A:=the unimolecular reaction velocity constant; 

f = number of min. elapsing from the time the invertase and sucrose solns w^ere 
mixed until inversion was stopped by addition of Na 2 C 03 . 

/?o= initial polarization (calculated by multiplying the polarization of the sucrose 
soln by 10;+ 1 and correcting for the polarization of the invertase soln); and 
fit = polarization at, time t. 

An invertase soln of sufficient activity^® should yield an average value for k (for 
the various time periods) of at least 0.1 after multiplying the k value directly ob- 
tained by 200, in order to correct for the initial dilution of the invertase soln. The 
dilution of the invertase soln above mentioned is made solely for the purpose of de- 
termining its activity; the original, undiluted invertase soln is used as the inverting 
reagent in the determination of sucrose (22) unless the activity of the original in- 
vertase soln greatly exceeds a K value of 0.1, and it is desirable to conserve the in- 
vertase. In this case, dilute to a K value of 0.1, which is done in the same manner as 
diluting other solns to a standard strength. The activity of the invertase preparation 
require<l for rapid inversion, 22(c), is the same as that needed for overnight in- 
version, 22(b), but the proportion of invertase preparation used in the former case 
is tw’ice that used in the latter instance. 

22 DETERMINATION 

(a) Direct — Dissolve the double normal weight of the substance (52 g), 

or a fraction thereof, in HjO in a200 cc volumetric flask; add the necessary clarify- 
ing agent, (b), (d), or (e), avoiding any excess; shake, dilute to the mark 

with HaO, mix well, and filter, keeping the funnel covered with a watch-glass. Re- 
ject the first 25 cc of the filtrate. If a Pb clarifying agent was used, remove the excess 
Pb from the soln when sufficient filtrate has collected by adding anhydrous Na^COj, 
a little at a time, avoiding any excess; mix well and filter again, rejecting the first 
25 cc of the filtrate. (Instead of weighing 52 g into a 200 cc flask, two 26 g portions 
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may be dilutetl to 100 cc eacii, and treated exactly as described. Depending on the 
color of the product, multiples or fractions of the normal weight may he used, and 
the results reduced by calculation to the basis (jf 2h gin 100 cc.) Pipet one 50 cc 
portion of the Pb-free filtrate into a 100 cc flask, dilute with H^O to the mark, mix 
well, and polarize in a 200 mm tube. 'Phe result, multiplied by 2, is the direct read- 
ing (P of formula given below) or polarization before inversion. (If a 400 mm tube 
is used, the readijig equals P.) If there is a pos8i))ility of mutarotation, proceed as 
directed under 20. 

(b) Invert reading . — First determine the quantity of acetic acid necessary to 
render 50 cc of the Pb-free filtrate distinctly acid to methyl red indicator, 21(4); 
then to another 50 cc of the Pb-free soln in a 100 cc volumetric flask, add the requi- 
site quantity of acid and 5 cc of the invertase preparation, fill the flask with HjO 
nearly to 100 cc, and let stand overnight (preferably at a temp, not less than 20°). 
Cool, and dilute to 100 cc at 20°. Mix well and polarize at 20° in a 200 rnm tube. If 
in doubt as to the completion of the hydrolysis, allow a portion of the soln to 
remain for several hours and again polarize. If there is no change from the previ- 
ous reading, the inversion is complete. Carefully note the reading and temp, of 
the soln. If it is necessary to work at a temp, other than 20°, which is permissible 
within narrow limits, complete the volumes and make both direct and invert read- 
ings at the same temp. Correct the polarization for the optical activity of the in- 
vertase soln and multiplv' by 2. Calculate the percentage of sucrose by the following 
formula: 

100 (P-/) , ^ 

.S = . in which 

142.1+0.073 2 

(S =percentage of sucro.se; 

P=direct reading, normal soln; 

I = invert reading normal soln; 

/=temp. at which readings are made; and 

m=g of total solids in 100 cc of the invert soln read in the polariscope. Deter- 
mine the total solids as percentage by weight, as directed under 7, and multiply 
this figure by the density at 20°, as obtained from XLII, 3, 

(c) Rapid inversion at 55-60°.^' — 'If more rapid inversion is desired, j)roceed as 
follows: Prepare the sample as directed under fa) and to 50 cc of the Pb-free filtrate 
in a 100 cc volumetric flask add glacial acetic iiciil in sufficient quantity to render 
the soln distinctly acid to methyl red, 2F4). The ([uantity of acetic acid required 
should be determined before pipetting the 50 cc portion, a.s described under 22(b). 
Then add 10 cc of invertase soln, mix thoroly, jilace the flask in a water bath at 55 
60°, and allow to stand at that temp, for 15 min. with occasional shaking, (lool, a<ld 
Na 2 C 103 until distinctly alkaline to litmus paper, dilute to 100 cc at 20°, mix well, 
and determine the polarization at 20° in a 200 mm tulie. Allow the soln to remain in 
the tube for 10 min. and again determine the polarization. If there is no change 
from the previous reading, the mutarotation is com[)lete. ( 'arefully note the reading 
and the temp, of the soln. Correct the polarization for the optical activity of the 
inverta.se soln and multiply l)y 2. Calculate the percentage of sucrose by the formula 
given under (b). 

If the soln has been rendered so alkaline as to cause destruction of sugar, the po- 
larization, if negative, will in general (lecrease, since the decomposition of fructose 
ordinarily is more rapid than that of the other sugars present. If the soln has not 
been maae sufficiently alkaline to complete mutarotation <iuickly, the polarization, 
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if negative, will in general increase- As the analyst gains experience he mav omit the 
polarization after 10 min. if he has satisfied himself that he is adding JiaaCOs in 
sufficient amount to complete mutarotation at once without causing any destruc- 
tion of RTigar during tlie period intervening before polarization. 

23 J I. By Bolarizfdion Before and After rncer.iion with H ydrockloric 

AcuP^ — Official 

(In the presence of much Icvulosc, as in honeys, fruit products, sorghum sirup, 
cane sirup, and molasses, the optical method for sucrose, requiring hydrolysis by 
acid, gives erroneous results.) 

(a) Direct reading. -Froceed as directed under 22(a). 

(b) Invert reading. — Pipet a 50 cc portion of the Pb-free filtrate into a 100 cc 
flask and add 25 cc of HiO. Then add, little by little, while rotating the flask, 10 cc 
of HCl (sp. gr, 1.1029 at 20/4° or 24.85“ Brix at 20°). Heat a w*ater bath to 70° and 
regulate the burner so that the temp, of the bath remains approximately at that 
point. Place the flask in the water bath, insert a thermometer, and heat with con- 
stant agitation until the thermometer in the flask indicates 67°. (This preliminary 
heating period should require from 2^-21 min.) From the moment the thermometer 
in the flask indicates 67°, leave the flask in the bath for exactly 5 min. longer, during 
which time the temp, should gradually rise to about 69.5°. Plunge the flask at once 
into HjO at 20°. When the contents have cooled to about 35°, remove the thermom- 
eter from the flask, rinse it, and fill almost to the mark. Leave the flask in the bath 
at 20° for at least 30 min. longer and finally make up exactly to volume. Mix well 
and polarize the soln in a 200 mm tube provided with a lateral branch and a water 
jacket, maintaining a temp, of 20°. This reading must also be multiplied by 2 to 
obtain the invert reading. If it is necessary to work at a temp, other than 20°, which 
is permissible within narrow limits, the volumes must be completed and both direct 
and invert polarizations must be made at exactly the same temp. 

Calculate sucrose by the following formula: 

O 100 (P~/) . , . . 

143 -HO. 0676 (w-13) -t/2 

*S' = percentage of sucrose; 

P = direct reading, normal soln; 

/= invert reading, normal soln; 

f=temp. at whicli readings are made; and 

?n=g of total solids in 100 cc of the invert soln read in the polariscope. 

Determine the total solitls as percentage by weight, as directed under 7, and mul- 
tiply this figure by the density at 20° as obtained from XLII, 3. 

(c) Inversion at room tern [terature ,- — The inversion may also be accomplished as 
follows; (1) To 50 cc of the clarified soln, freed from Pb, add 10 cc of HCl (sp. gr. 
1.1029 at 20/4° or 24.85° Brix at 20°) and set aside for 24 hours at a temp, not below 
20°; or, (2) if the temp, is above 25°, set aside for 10 hours. Make up to 100 cc at 
20° and polarize as directed under (b). I nder these conditions the formula must be 
changed to the following: 

100 (P -/) 

ri;rir+ o . 0070 ( ^ - 1 3} - « /2 ■ 
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SUCROSE AND RAFFINOSEi* 

I. By Polarization Before and After Treatment with Two Enzyme 
Preparations — Official, first action 

24 REAGENTS 

(a) Invertase soln {top yeast extract). — Prepare as directed under 21. This soln 
should be free from the enzyme melibiase. Its invertase activity should be at least 
as great as that used for the determination of sucrose in the absence of raffinose, 2 1 (4). 

(b) /ntjeriase-wielfbfasc soln {bottom yeast extract). — Prepare as directed under 21, 
using bottom fermenting yeast (brewers’ yeast) instead of bakers’ yeast. The iii- 
vertase activity should be at least as great as in (a). 

Test the melibiase activity of the soln as follows: Add 2 cc of the soln to be tested 
to 20 cc of a weakly acid mclibiose soln polarizing +20.0“ V and allow to stand 30 
min. at about 20°, Then add sufficient Na 2 C 03 to render the soln slightly alkaline 
to litmus paper. A preparation suitable for the overnight hydrolysis of solns con- 
taining not more than 0.2 g of raffinose in 100 cc should have hydrolyzed 35% of 
the melibiosc present under the conditions mentioned; a preparation suitable for 
the overnight hydrolysis of solns containing not more than 0.G5 g of raffinose in 100 
cc should have produced 50% hydrolysis of melibiose; and a preparation suitable 
for the overnight hydrolysis of solns containing 0.65-1.3 g of raffinose in 100 cc 
should have hydrolyzed at least 70% of the melibiose present under the above con- 
dition. The polarizations that correspond to 35, 50 and 70% hydrolysis of a meiibi- 
use soil! polarizing, before hydrolysis, +20°V are: +16.4“, +14.9“ and +12.9“V, 
respectively. 

25 DETERMINATION 

In the analysis of sugar beet products, weigh the quantity of material specified in 
the following table, transfer to a 300 cc volumetric flask, add the quantity of basic 


Quantities of sample and reagents required for clarification and deleading of beet 
sugnr-hou.se products 


MATERIAL 

OUA.VTITT PER 

lOOcc 

BASIC LEAD 

ACETATE 

(5,5° brie) 

AMMOMUU 

DIHVBROCEN 

PHOSPHATE 

Cosset tes“ 

grams 

13 

3 

gram 

0.2 

Pulp 

100 cc^ 

2 -4 

0.2 

Lime cake or sewer^ 

26.5 

1.5 

d 

Thin juice 

52 

2 

0.2- 0.3 

Thick juice 

26 

4 ' 

0.3-0. 4 

White massecuite 

13 or 26 

3 or 6 

0.3-0. 7 

High wash sirup 

13 or 26 

3 ur 6 

0.3-0. 7 

High green sirup 

13 or 26 

5 or 10 

0.3-0. 7 

Raw or remelt massecuite 

13 

6 

0..3-0.4 

Raw or remelt sugar 

26 

3-4 

0.3-0. 4 

Sugar melter 

26 

2 3 

0,3 0.4 

Low wash sirup 

13 

8-10 

0.1' 0.5 

Low green sirup or molasses 

13 

10 

0.4-0. 5 

Saccharate cakes and milk (carbonated) 

26 

4 6 

0.3-0. 4 

Steffen waste and wash waters® 

78 or 50 cc. 

2-3 

1 

0.2 


* Usual method of extraction, g in 201.2 ce, 

^ Dilute to 110 cc. 

® S'eutr^Ue with acetic acid before ariding basic Pb aadate. 

" Lime in coin will be partly precipitated by the phoephate, and it is necessary io add sufficient phoepbate to complete 
the precipitation of both the lead and lime salts; hence no definite ijuautity can t>e specified. 
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Pb acetate soln indicated in the table, and dilute to volume at 20®. Mix thoroly and 
filter thru fluted paper in a closely covered funnel, rejecting the first 25 cc of filtrate. 
When sufficient filtrate has collected, remove the Pb from the soln by adding 
NH4H2P04 in as small excess as possible (see table). This condition is readily deter- 
mined after a little practice by the appearance of the Pb3(P04)2 precipitate, which 
usually flocculates and settles rapidly in the presence of a slight excess of the salt. 
Mix well and filter, again rejecting at least the first 25 cc of the filtrate. Make a 
direct polarization in a 200 mm tube at 20® unless the soln contains an appreciable 
quantity of invert sugar, in which case pipet a 50 cc portion of the Pb-free filtrate 
into a 100 cc flask, dilute with H2O to the mark, mix well, and polarize at 20®, prefer- 
ably in a 400 mm tube. This reading, calculated to the normal weight of 26 g in 100 
cc anri 200 mm tube length, is the direct reading (P) of the formula given below for 
polarization before inversion, 

Transfer two 50 cc portions of the Pb-free filtrate to 100 cc flasks. To one add 5 
cc of invertase soln (top yeast extract) and to the other 5 cc of invertase-melibiase 
soln (bottom yeast extract), let stand overnight at atmospheric temp. (preferably 
not below 20°), dilute to volume, mix well, and polarize at 20®, preferably in a 400 
mm jacketed tube. If a rapid hydrolysis is desired, add 10 cc of each of the enzyme 
solns to the 50 cc portions of deleaded filtrate in 100 cc flasks and place in a water 
bath at 50-55® for 40 min. Then add Xa2C03 until the soln is slightly alkaline to 
litmus paper, dilute to volume at 20°, mix well, and polarize at 20®, preferably in 
a 400 mm tube. Correct the invert readings for the optical activity of the enzyme 
soln and calculate the polarization to that of a normal weight soln of 26 g in 100 cc; 
also calculate the reading to a 200 mm tube length, if necessary. 

Calculate the percentages of anhydrous raffinose and sucrose from the following 
formulas: 

H=\ .354 (A-B); 

(P-2.202^-bl.202B) 100 , , 

,S — — , in which 

132.12-0.00718[132.12-{P-2.202i-hl.202P)] 

P =percentage of raffinose; 

6' = percentage of sucrose; 

P = direct polarization, normal soln; 

A - corrected polarization after top yeast hydrolysis, normal soln; and 
corrected polarization after bottom yeast hydrolysis, normal soln. 

The quantities A and B are treated algebraically. 


26 II. By Polarization Before and After Inversion with IICl — Official 


(Of value chiefly in the analysis of beet products.) 


If the direct reading is more than 1® higher than the pen^entage of sucrose as cal- 
culated by the formula given under 23(b), raffinose is probably present. Calculate 
sucrose and raffinose by the following formulas:^ 

When the polarizations are made at 20°: 


^ 0 .514P-/ 
' 0.844 


and R ~ 


0.33P+I 

~ 563 ~ 


, in which 


P -direct reading, normal soln; 
/=invert reading, normal soln; 

= percentage of sucrose; and 
R = percentage of anhydrous raffinose. 
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The following formulas*® are applicable at all temps. otl\^ than 20®: 

„ P(0. 478+0. OOlStj)-/ (l,006-0.0003ii) 

o =■ — — — — — — — ■ ■ — — — — ■ — ftnd. 

(0 . 908 *- 0 . 0032«2) (1.006-0. 0003ii) 

P(0. 43-0. 005i2)+/(l. 006-0. 0003«i) . 

H= ^ in which 

(1 , 681 -0 .OOSOii) (1 .006 -0 .OOOSii) 

redirect reading, normal soln; 

/ = invert reading, normal soln; 

*8 = percentage of sucrose 

R = percentage of anhydrous raffinose; 

/i=temp. of the direct polarization; an<l 

^2 = temp. of the invert polarization, 

27 STTCROPE BY DOUBLE DILUTION METHOD^'— OFFICIAL 

(Substances in which the volume of the combined insoluble matter and precipi- 
tate from clarifying agents is more than 1 cc from 26 g.) 

Weigh a half-normal weight of the sample and dilute the soln toltlO cc, using the 
appropriate clarifier (basic Pb acetate for dark colored aertfectionery or molasses 
and alumina cream for light colored confectionery). Also weigh a normal weight of 
the sample and dilute a second soln with the clarifier to 100 cc. Filter, and obtain 
direct polariscopic readings of both solns. Invert each soln as directed under 22(b) 
or (c) or 23(b) or (c) and obtain the respective invert readings. 

The true direct polarization of the sample = 4 times the direct polarization of the 
diluted soln less the direct polarization of the undiluted soln. 

The true invert polarization =4 limes the invert polarization of the diluted soln 
less the invert polarization of the undiluted soln. 

Calculate the sucrose from the true polarizations thus obtained, using the formula 
under 22 or 23 corresponding to the method of inversion used. 

SUCROSE— CHEMICAL METHODS 

28 From Reducing Sugars Before and After Inversion — Official 

Determine the reducing sugars (clarification having been effected with neutral 
Pb acetate, never with basic Pb acetate) as directed under 38 and calculate to in- 
vert sugar from XLII, 9. Invert the soln as directed under 22(b) or (c), or 23(b) or 
(c); exactly neutralize the acid; and again determine the reducing sugars, but cal- 
culate them to invert sugar from the table referred to above, using the invert sugar 
column alone. Deduct the percentage of invert sugar obtained before inversion from 
that obtained after inversion and multiply the difference by 0.95 to obtain the per- 
centage of sucrose. The solns should be diluted in both determinations so that not 
more than 240 mg of invert sugar is present in the quantity taken for reduction. 
It is important that all Pb be removed from the soln with anhydrous powdered 
K oxalate or NajCOj before reduction. 

COMMERCIAL GLUCOSE^ (APPROXIMATE) POLARIMETRIC METHODS 

29 Method I . Official 

(Substances containing little or no invert sugar.) ^ 

Commercial glucose cannot be determined accurately owing to the varying quan- 
tities of dextrin, maltose, and dextrose i>re8ent in the product. However, in sirups 
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in which the quantity of invert sugar is so small as not to affect appreciably the 
result, cojn'mereial glucose may be estimated approximately by the following for- 
»mula : 




(a-S) 100 
211 


in which 


Cr = percentage of commercial glucose solids; 
a = direct polarization, normal soln; and 
= percentage of cane sugar. 


Express the results in terms of commercial glucose solids polarizing 4-21 l^V. (This 
result may be recalculated in terms of commercial glucose of any Baumc reading 
desired.) 


30 Method II. — O^fficial 
(Substances contain^g invert sugar.) 

Prepare an inverted half-normal soln'bf the substance as directed under 23(b), 
except to cool the solri after inversion, make neutral to phenolphthalein with NaOfl 
soln, slightly acidify with IICl (1 4-5), and treat with 5-10 cc of alumina cream 
before making up to the_mark. Filter, and polarize at 87° in a 200 mm jacketed 
metal tube, preferably silver. Multiply the reading by 200 and divide by the factor 
196 to obtain the quantity of commercial glucose solids polarizing 4-2ll°V’'. (This 
result may be recalculated in terms of commercial glucose of any Baume reading 
desired.) 

(' INVERT SUGAR— CHEMICAL METHODS 

1. Lane~Eijnon General Volumetric Metkod^^ — Tentative 

31 REAGENTS 

Soxhht's modification of FeMing's soln . — Prepare by mixing immediately before 
use equal volumes of (a) and (b). 

(a) Copper sulfate sofw.— Dissolve 34.639 g of CuSOi.5H2() in H^O, dilute to 500 
cc, and filter thru prepared asbestos. 

(b) Alkaline tartrate soln . — Dissolve 173 g of Rochelle salts and 50 g of NaOH in 
HjO, dilute to 500 cc, allow to stand for 2 days, and filter thru prepared asbestos. 


32 STANOARDIZATION AND METHOD OF TITRATION 

Pipet accurately 10 or 25 cc of mixed Soxhlet's reagent or pipet 5 or 12.5 cc of 
each of Soxhiet’s solns (a) and (b) into a flask of 300-400 cc capacity. The quantity 
of Cu taken will differ slightly between the 2 methods of pii)etting, and the method 
used must be carried out consistently during standardization and determination. 
Prepare a standard soln of the pure sugar of such concentration that more than 
15 cc and less than 50 cc will be required to reduce all the Cu. The titer may be cal- 
culated as follows; . Add almost the whole of the sugar soln 

mg sugar in 1 cc 

required to effect reduction of all the Cu, so that not more than 0.5-1 cc is required 
later to complete the titration. Heat the cold mixture to boiling on a wire gauze and 
maintain in moderate ebullition for 2 min., lowering the flame sufficiently to avoi^ 
bumping. Without removing the flame ad(^2-5 drops of 1 % aqueous methylene 
blue soln and complete the titration within a total boiling time of about 3 min. by 
small additions of sugar soln t<^decolorization of the indicator. 
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Multiply the titer by the number of mg in. 1 cc of the standard soln to obtain the 
factor. Compare with the tabulated factor to determine the correction, if any, to l^e 
applied to the table. Small deviations from tlie tabulated factors may arise fro^ 
variations in individual procedure or composition of reagents. If only approximate 
results (within 1%) arc required the standardization may be omitted, provided the 
specifications of the analysis are rigidly observed. 


33 DETEKMIN ATIOV 

If the approximate concentration of the sugar in the sample is utiknowii, proceed 
by the incremental method of titration. Add to 10 or 2,5 cc of Soxhiet’s soln 15 cc 
of the sugar soln and heat to boiling over a wire gauze. ]h)il about 15 seconds and 
add rapidly further (piantities of the sugar soln until only the faintest perceptible 
blue color remains. Then add 2 -5 ilrops of methylene Idnc and complete the titra- 
tion by adding the sugar soln dropwise. (The error resulting from this iitration will 
not generally exceed 1^.) 

For higher precision repeat the titration, adding almost the whole of the sugar 
soln required to reduce all the thi and proceed as directed above. In Taldc 15, XLH, 
find the factor corresponding to the titer and apply the correction previously deter- 
milled. Estimate as follows: 


factor X lOU 

= mg 

titer 


of sugar in 100 cc. 


IL Senhs Milhtid-'- T( tildllvc 
tSuitable when very small quantities of sugar are present.) 

34 IIH.VOUNT 

Benedict’s .so/u.<t.— Dissolve lb g of ('uS0..51Ij0 in 125 1.51) cc of lh.(T 'hhen ilis- 
solve 150 g of Na citrate, 130 g of Xajt't):; anli\'drousl, and 10 g of NalH’O;, in 
about 650 cc of IDO, heating to accelerate soln. Combitie the 2 solns with stirring. 
Cool, make to 1 liter, and filter. 

35 I'ROCEDUKE 

Transfer 20 cc of the Cu reagent to a 300 ce Erlcnmeyer flask fitted with a 2-holcd 
rubber stopper. Add 10 ce of sugar soln conlaining less than 20 mg of reducing sugar. 
Place over a flame, bring to boiling in 4 min., and continue the boiling for exactly 
min, ' .\pproximate conditions, flame 50 mm, cone 20 mm, asbe.stos gauze 30 mm 
abl^ve Ijiirner. If preferred, an electric hot ])!atc may lie used, in which case a period 
of 5 min, is required to rai.se the soln to the boiling jioint.) At the expiration of 3 
min. from the beginning of the boiling, cool rapidly fjy holding under a cold water 
faucet, add 100 cc of acetic acid solu f'24 cc of glacial acetic acifl piu liter) from :i 
graduate, and tran.sfer an exactly measured amount of 0,01 ,V 1 soln. Add 25 cc of 
HCl ffiO cc per liter) from a pipet held against tlie .'^ide of tlic flask, and agitate to 
distribute the acid rapidly Rot.ate the flask for 1 min. to insure the soln of all t'u^Dl-j 
Titrate excess 1 with 0.04 .V thiosulfate soln, u.sing starch soln as an indicator. 

For amonnt.s le.ss than 2t) rng of sugar eacfi cc of thiosulfate will represent a con- 
stant quantity of .sugar; fur dextrose, aiiproximately 1.12 mg per cc. (For accurate 
work the analyst should determine ^he conversion factor for the ])artieular con- 
ditions under which he is working by u.sifig c.ontrol solns of the juire sugars under 
examination.) 
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III. Munson and Walker General Method^ — Oificial 

36 REAGENTS 

/Is6c67os, — D igest the asbestos, which should be the amphibole variety, with 
lICl (1 +3) for 2-3 clays. Wash free from acid, digest for a similar period with 10% 
NaOH soln, and them treat for a few hours with hot alkaline tartrate soln (old alka- 
line tartrate solns that have stood for some time may be used for this purpose) of 
the strength used in sugar determinations. Wash the asbestos free from alkali; 
digest for several hours with HNOg (1 1-3); and, after washing free from acid, shake 
with II 2 O into a fine pulp. In preparing the Gooch crucible, make a film of asbestos 
\ inch thick atid washtlioroly H^Oto remove fine j)articles of asbestos. If the 
precipitated CujO is to be wcighctl as such, wash the crucible with 10 cc of alcohol, 
then with 10 cc of ether; dry for 30 min. at 100”, cool in a desiccator, and weigh. 

The other reagents and solas used arcj described under 31. 

37 , J’UECJiUTATIUN OE CUFHOt'.S ONIDE 

Transfer 25 ec of each of the C.hiS 04 and alkaline tartrate solns to a 400 cc beaker 
of alkali-resistant glass and add 50 cc of the, reducing sugar soln, or if a smaller 
volume of sugar soln is used, add il^O to make the final volume 100 cc. Heat the 
beaker on an asbestos gauze over a Ijun.seu burner, regulate the fiame so that boiling 
begins in 4 min., and Cf)nliuue the I toiling for exactly 2 min. (It is important that 
these directions be strirMly obsei ved. To regulate the f)urner for this purpose it is 
advisable to make preliminary tests, using 5t) cc of the reagent and 50 cc of H^O 
before proceeding with llu; actual (hUauTuination.) Keep the beaker covered with a 
watch-glass during the heating. Filtoi' < he hot sc)ln at once thru an asbestos mat in a 
porcelain Gooch crucildc, using suction. Wa.sh the ])reci])itate of CU 2 O ihoroly with 
H 2 O at a teni]). of about GO” and eithei’ weigh directly as CU'jO as directed under 38, 
or determine the quantity of reduced Cu by one of the methods (ie.seribe.d under 38- 
42,, respectively, (’oiuluct a Idauk (letei’mination, using 50 cc of the reagent and 50 
cc of II 2 G, and if the weiglit of (huO olilaincd e.xcecds 0.5 mg, correct the result of 
the redijciug sugar determination accujdingly. The alkaline tartrate soln deteri- 
orates on standing, and tlie quantity of (buO obtained in the blank increases. 

DKTKIiMlXATro.V OT REDUCED COFFER 

38 Dind Wdghittc} of Cuprous Oxide 

(I'se only for determinations in solns of reducing sugars of comparatively high 
puritv. In [)n)ducts containing largo qnanlities of mineral or organic impurities, 
inchiding sucro.se, determine the Cu of the CihO by one of the methods described' 
under 38 42, since the Cu^G is very likely to he contaminated with foreign matter.) 

Prei)are a Gooch ciaiciblc as <lircc(cd under 36. Collect the [wecipilated CusO on 
llie mat a.s direeled under 37 and wash thoroly witli hot HaO, then with 10 cc of 
aicolud, and finally with 10 cc of ether. Dry the precipitate for 30 min. in a water 
oven at the temp, id boiling H -O, cool, and weigh. C'aleulate the weight of metallic 
Chi, using the factor 0.SSS2. OI)tain from XLII, P, the weight of invert sugar equiva- 
lent to the weight of (hi. 

The number of mg of (hi reduced by a given quantity of reducing sugar varies, 
depending upon whether or not sucrose is present. In the tables the absence of su- 
crose ia assumed except in the entries under invert sugar, where, in addition to the 
column for invert sugar alone, one column is given for mixtures of invert sugar and 
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sucrose containing 0.4 g of total sugar in 50 cc of solii and one column for invert 
sugar and sucrose when the 50 cc of soln contains 2 g of total sugar. Two entries 
are also given under lactose and sucrose mixtures, showing proportions of 1 part 
lactose to 4 and 12 parts of sucrose, respectively. 

Volumetric Thiosulfate Meihod^^— Official, first action 

39 REAGENT 

Standard ihiosulfate soln . — Prepare a soln containing 39 g of pure Na2S20s.5H20 
in 1 liter. Weigh accurately 0.2 -0.4 g of pure Cu and transfer to a 250 cc Erlenmeyer 
flask roughly graduated by marks at 20 cc intervals. Dissolve the Cu in 5 cc of a 
mixture of equal volumes of IINO3 and II2O, dilute to 20 or 30 cc, boil to expel the 
red fumes, add a slight excess of strong Br water, and boil until the Br is completely 
driven off. Cool, and add NaOII soln with agitation until a faint turbidity of 
Cu(OH )2 appears (about 7 cc of a 25% NaOH soln is required). Discharge the tur- 
bidity with a few drops of acetic acid and add 2 drops in excess. Prepare a soln of 
42 g of KI in 100 cc of soln made very slightly alkaline to avoid formation of HI 
and its oxidation. 

It is essential for the thiosulfate titration that the concentration of KT in the soln 
be carefully regulated. If the soln contains less than 320 mg of Cu, at the completion 
of the titration 4.2-5 g of KI should have been added for each 100 cc of total soln. 
If greater quantities of Cu are present, add the KI soln slowly from a buret with 
constant agitation in amounts proportionately greater. 

Observe the volume of the Cu soln and add 1 cc of KI soln for each 10 cc of the 
soln undergoing titration. Titrate at once with the thiosulfate soln until the brown 
color becomes faint. Again observe the volume and add an additional volume of KI 
to make the reipiired concentration, noting from the volume of the thiosulfate the 
approximate Cu content of the soln. Add sufficient starch indicator, VI, 3(e), to 
produce a marked blue coloration. Continue the titration cautiously until the color 
changes toward the end to a faint lilac. .\s the end point is approached, add the 
thiosulfate in fractions of drops, allowing the precipitate to settle slightly after each 
addition. 1 cc of the thiosulfate soln = about 10 mg of Cu. 

40 DETERMINATION 

Wash the precipitated CU2O, cover the Gooch crucible with a watch-glass, and 
dissolve the oxide by means of 5 cc of HXO;( (1 -bl) directed under the watch-glass 
with a pi[)et. (Collect the filtrate in a 250 cc Krlenmeyer flask w'hich is roughly grad- 
uated by marks at 20 cc intervals and wash the watch-glass and Gooch crucible 
free from Cu. Proceed as directed under 39, beginning with “boil to expel the red 
fume.H . . 

41 Volumetric Permanganate Method 

Filter and wash the CU2O as directed under 37. Transfer the asbestos film to the 
beaker, add about 30 cc of hot H2O, and heat the precipitate and asbestos thoroly. 
Rinse the crucible with 50 cc of a hot saturated soln of Fe2(S04)s in 20% H2SO4, re- 
ceiving the rinsings in the beaker containing the precipitate. After the Cu20 is dis- 
solved, wash the soln into- a large Erlenmeyer flask and immediately titrate with a 
standard soln of KMnO^, 1 ccof which should be equivalent fo 0.010 g of Cu. Stand- 
ardize this soln by making G or more determinations with the same sugar soln, ti- 
trating ^ of the precipitates obtained and determining the Cu in the others by elec- 
trolysis. The average weight of Cu obtained by electrolysis, divided by the average 
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number of cc of KMnO^ soln required for the titrations, gives the weight of Cii 
equivalent to 1 cc of the standard KMn04 soln. A soln standardized with iron or 
oxalic acid will give too low a result, but agreement with electrolytic determination 
will be obtained if pure Na oxalate is used and is made acid with H2SO4. 

42 Electrolytic Deposition from Sulfuric and Nitric A cid Solution^'^ 

Decant the hot soln thru an asbestos mat in a Gooch crucible; wash the beaker 
and precipitate thoroly with hot HgO. Transfer the asbestos film from the crucible 
to the beaker by means of a gla.ss rrjd, and rinse the crucible with about 30 cc of a 
boiling mixture containing 65 cc of 11280^ and 50 cc of HNO3 per liter. Heat, and 
agitate until soln is complete and the oxides of N have been volatilized. Filter, and 
transfer to a weighed Ft dish. Dilute to about 100 cc and deposit the Cu by elec- 
trolysis at 20-30°, using about 2,5 volts and a current density of about 0.5 ampere. 
Cover the dish with a split watch-glass to avoid loss by spattering. Electrolysis re- 
quires about 14 hours, but it may be allowed to continue overnight. Test 1 cc with 
II 2S soln for complete deposition. Wash thoroly with H2O; then break the current, 
wash with alcohol and ether successively, dry at aboiit 50°, and weigh. 

If preferred the electrolysis may be conducted in a beaker, the Cu being deposited 
upon a weighed Pt foil or Pt gauze. 

IV. Herzfeld GraviineiHc Methods — Official 

43 Method I. 

(For materials containing 1.5% or less of invert sugar and 98.5% or more of 
sucrose.) 

Prepare the soln of the material to be examined to contain 20 g in 100 cc, clarify 
with neutral Pb acetate, and remove the excess of Pb with Na2C03. Place 50 cc of 
the reagent, 31, and 50 cc of the sugar soln in a 250 cc beaker. Heat this mixture at 
such a rate that approximately 4 min. is required to bring it to the boiling point and 
boil for exactly 2 min. Add 100 cc of cold recently boiled H2O. Filter immediately 
thru asbestos, 36, and determine tlie (’u by one of the methods described under 38 - 

42. Obtain the corresponding percentage of invert sugar from XLII, 10. 

44 Method II. 

(For materials containing more than 1.5% of invert sugar and less than 98.5% 
of sucrose.) 

Prepare a soln of suitable conceriitratiou of the material to be examined, clarify 
with neutral Pb acetate, and remove the excess of Pb. Prepare a series of solns in 
large teat tubes by adding 1, 2, 3, 4, and 5 cc of this soln to each tube successively. 
Add 5 cc of the reagent, 31, to each, heat to boiling, boil 2 min., and filter. Note the 
volume of sugar soln that gives the filtrate lightest in tint, but still distinctly blue. 
Place 20 times this volume of the sugar soln in a 100 cc flask, dilute to the mark, and 
mix well. Use 50 cc of the soln for the determination, and proceed as directed under 

43. For the calculation of the result use the following formulas and the table of 
factors of Meiasl and Hiller, XLII, 11, 

Let Cu=thc weight of Cu obtained; 

P = the polarization of the sample; 

IP = the weight of the sample in the 50 cc of the soln msed for the deter- 
mination; and 

F =»the factor obtained from the table for the conversion of Cu to invert 


sugar. 
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Cu 

Thea-^ = ^, approximate weight of invert sugar; 

r, 100 

Z = 1 , approximate percentage of invert sugar; 

100 P „ . , . . , 

— = approximate percentage of sucrose in mixture of sugars; 


100 — B = If approximate percentage of invert sugar; 
CuF 

= percentage of invert sugar. 


Use the factor F for calculating Cu to invert sugar as found in Table 11, XLII. 
Example: The polarization of a sugar is 86.4, and 50 cc of soln containing 3.256 g 
of sample gives 0.290 g of Cu. 


Cu 


0.290 


= 0.145=Z. 


7X100 , , 100 

n — — 0 , T15 X — 4 . 45 - 

M 3.256 


100 F 8460 

P+^''8in+IT45 


100-B = 100-95.l=/ = 4.9. 

B:/ = 95,l:4.9. 

By consulting the table it will be seen that the vertical column headed 150 is near- 
est to 7, 145, and the horizontal column headed 95:5 is nearest to the ratio of R to 
/, 95.1:4.9. Where these columns meet is found the factor 51.2, wliich enters into 
the final calculation: 

CuF 0.290X51.2 

— . - ^ - —4.50% of invert sugar. 


DEXTROSE— CHEMICAL METHODS 

45 Lane-Eijnon General Voluinelric M clhod- Tentative 
Proceed as directed under 33, referring the titer to XLII, 15 or 16. 

46 d/ unson-Walker General Gravimetric Method — Oj[ficial 

Proceed as directed under 37 and obtain from XLII, 9, the weight of dextrose 
equivalent to the weight of (Ju reduced. 

Allihn Gravimetric Method -Official 

47 REAGENTS 

fa) Copper suf/ufe Holn. — Dis.solve 34.639 g of CuSOi.SHzQ in FIjO and dilute to 
500 cc. 

(b) tartrate sofa. -Dissolve 173 g of Rochelle salts and 125 g of KOH in 

HjO and dilute to 500 cc. 
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48 DETERMINATION 

Place 30 cc of the CuBO^ soln, 30 cc of the alkaline tartrate soln, and 60 cc of II jO 
in a beaker, and heat to boiling. Add 25 cc of the soln of the material to be examined 
containing not more than 0.25 g of dextrose, and boil exactly 2 min., keeping the 
beaker covered. Filter immediately thru asbestos and obtain the weight of Cu by 
one of the methods given under 38 42, respectively. Obtain the corresponding 
weight of dextrose from XLII, 14. 

LEVULOSE— CHEMICAL METHODS 

49 Lane-Eynon General Volwneiric Method 

Proceed as directed under 33, referring the liter to XLII, 15 or 16. 

Jachson^Maihews Modif}caiion of Nym Selective Method^^ — Tentative 

50 REAGENT 

Osi’s &oln. — Dissolve 250 g of K^COa (anhydrous) in about 700 cc of hot II2O, add 
100 g of pulverized KHOOs, and agitate the mixture until completely dissolved, 
(yool, and add with very vigorou.s agitation a soln of 25.3 g of CuSO^.SH^O in 100- 
150 cc of lIjO, Make to 1 liter and filter. 

51 PROCEDURE 

Transfer 50 cc of Ost’s soln to a 150 cc Erlenmeyer flask and add by means of an 
accurately graduated pipet a volume of the .soln to be analyzed that contains not 
more than 92 mg of levulose or its equivalent of a levulose-dextrosc mixture, remem- 
bering that dextrose has about one-twelfth the reducing power of levulose. Add 
enough H2O to make the total volume 70 cc. Immerse in a water bath, regulated 
preferably within 0.1 at 55®. Digest for exactly 75 min., agitating with a rotary 
motion at intervals of 10 or 15 rain. 

Filter the precipitated Cu on a closely packed Gooch crucible and wash flask and 
precipitate thoroly without attempting to transfer the precipitate quantitatively. 
Determine Cu by one of the methods described under 38-42. As it is usually difficult 
to transfer the Cu precipitate quantitatively from the Erlenmeyer flask, select a 
method of Cu analysis in which the total Cu is dissolved in HNO3 and determined 
by electrolysis or thiosulfate titration or in a Fe2(S04)3-H2S04 mixture followed by 
a permanganate titration. 

See Table 13, XLII, for the levulose equivalent. If the .sample contained glucose 
in addition to levulose the analytical result is not true but “apparent” levulose, 
as glucose has an apprecialde reducing action under the conditions of the analysis. 
To determine the correction for glucose analyze the sample also for total reducing 
sugar and compute the true glucose and levulose by a .series of approximations. 
Calculate the percentage of reducing sugar in the original sample and similarly the 
percentage of “apparent” levulose. The difference between these two percentages is 
the “apparent” glucose. Divide tiic apparent glucose by the factor 12.4 and deduct 
the result from the apparent levulose to obtain a new approximation to the true 
levulose. Deduct the new levulose percentage from the total reducing sugar per- 
centage to obtain a more nearly correct value for true glucose and again divide by 
12.4. Deduct the quotient from the original value of the “apparent” levulose and 
Continue the approximation in the same manner until the percentage of levulose 
remains essentially unaltered by two successive approximations. 
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If the original sample contained sucrose> determine the latter by means of the 
Clerget procedure, 23. Correct the Cu for the reducing action of sucrose before re- 
ferring to the table, XLIl, 13. 1, 2, 3, 4, and 5 g of sucrose precipitate under the con- 
ditions of the analysis 3,3, 5.7, 7.4, 8.5, 9.0 mg of Cu, respectively. 

MALTOSE— CHEMICAL METHODS 

52 Lan€-E(jnon General Volumetric Method — Tentative 
•Proceed as directed under 33, referring the titer to XLII, 15 or 16. 

53 Munson-Walher General Gravimetric Method — Official 

Proceed as directed under 37 and obtain from XLII, 9, the weight of maltose 
equivalent to the weight of Cu reduced. 

IP f 1 n M ethod — Offii dal 

54 KKAGENTa 

The reagents and solns used arc described under 31 and 36. 

55 DETERMINATION 

Place 50 cc of the reagent, 31, in a beaker and heat to the boiling point. When it 
is boiling briskly, add 25 cc of the maltose soln containing not more than 0.250 g 
of maltose and boil for 4 min. Filter immediately thru asbestos, 36, and <let ermine, 
by one of the methods given under 38-42, respectively, the quantity of Cu reduced. 
Obtain from XLII, 12, the weight of maltose equivalent to the weight of Cu. 

LACTOSE— CHEMICAL METHODS 

56 Lane-Eijnon General Volumetric Method — 7''entalive 
Proceed as directed under 33, referring the titer to XLII, 15 or 16. 

57 M unson^Walker Ge?ieral Gravimetric Method— Offiicial 

Proceed as directed under 37 and obtain from XLII, 9, the weight of lactose equiv- 
alent to the weight of Cu reduced. 

58 REDUCING SUGARS OTHER THAN DEXTROSE— OFFICIAL 

Proceed as directed under 48 ajid multij)ly the weight of dextrose found by the 
following factors: 

Levulose, 1.093; invert sugar, 1.044; arabinose, 0.909; xylose, 1.017; and galac- 
tose, 1.114. 


CONFECTIONERY 

59 PREPARATION OF SAMPLE— OFFICIAL 

If the composition of the entire sample is desired, grind and mix thoroly. If the 
sample is composed of layers or of distinctly dilTerent portions and it is desired to 
examine these individually, separate with a knife or other mechanical means as 
completely as possible and grind and mix each portion thoroly. 

60 MOISTURE— OFFICIAL 
Proceed as directed under 2, 3, or 4. 
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61 ASH— OFFICIAL 
Proceed as directed under 8 or 9. 

62 MINERAL CONSTITUENTS 
Proceed as directed under XIL 

63 SOLUBLE AND INSOLUBLE ASH— OFFICIAL 
Proceed as directed under 12, 

64 ALKALINITY OF SOLUBLE ASH— OFFICIAL 
Proceed as directed under 13. 

65 ALKALINITY OF INSOLUBLE ASH— OFFICIAL 
Proceed as directed under 14. 

66 MINERAL ADULTERANTS IN THE ASH— TENTATIVE 
Proceed as directed under 15. 

67 NITROGEN— OFFICIAL 

Determine N in 2-5 g of the material as directed under II, 21, 23, or 25, using a 
larger quantity of H 2 1^04 if necessary for complete digestion. 

SUCROSE— POLARIMETRIC METHODS 

68 SUCROSE IN' THE ABSENCE OF RAFFINOSE 

Proceed as directed under 22, 23, or 27. 

SUCROSE CHEMICAL METHODS 

69 By Reducing Sugars Before and After Inversion — Off.cial 
Proceed as directed under 28. 

70 COMMERCIAL GLUCOSE— OFFICIAL 
Proceed as directed under 29 or 30. 

71 STARCH TENTATIVE 

Measure 25 cc of a soln of uniform mixture (representing 5 g of the sample) into 
a 300 cc beaker, or ititroduce 5 g of the finely ground sample (previously extracted 
with ether if the sample contains much fat) into the beaker; add sufficient H 2 O to 
make the volume 100 cc; heat to about 60° (avoiding if possible gelatinizing the 
starch); and allow to stand for about an hour, stirring frequently to secure complete 
soln of the sugars. Transfer to a wide-mouthed bottle, rinse the beaker with a little 
warm IT 2 O, and cool. Add an equal volume of 95% alcohol, mix, and allow to stand 
at least an hour. Centrifuge until the precipitate is closely packed on the bottom 
of the bottle and decant the supernatant liquid thru a hardened filter. Wash the 
precipitate with successive SO cc portions of alcohol, 50% by volume, by centrifug- 
ing and decanting thru the filter until 3 or 4 drops of the w'ashings give no test for 
sugar with alpha-naphthol as described under 122. Transfer the residue from the 
bottle and the hardened filter to a large flask and determine starch as directed under 
XXVII, 23. 
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ETHER EXTRACT 

72 7. Contmuous Extraciion Method — Tentative 

(1) Measure 25 cc of a 20% mixture or soLn into a very thin, readily frangible 
glass evaporating shell, or a thin lead or tin foil dish containing 5-7 g of freshly ig- 
nited asbestos fiber; or (2) if possible to obtain a uniform sample, weigh 5 g of the 
mixed finely divided sample into a dish and wash with HaO upon the asbestos in the 
evaporating shell, using, if necessary, a small portion of the asbestos fiber on a stir- 
ring rod to transfer the last traces of the sample from the dish to the shell. Dry to 
constant weight at 100°, cool, wrap the glass dish loosely in smooth paper, crush 
into rather small fragments between the fingers, and carefully transfer the crushed 
mass, including the paper, to an extraction tube or a fat extraction cartridge. If a 
metal dish is used, cut it into small pieces and place in the extraction tube. Extract 
with anhydrous ether or petroleum ether (b.p. 45 G0° and without weighable resi- 
due) in a continuous extraction apparatus for at least 25 hours. In most cases it is 
advisable to remove the substance from the extractor after the first 12 hours, grind 
with sand to a fine powder, and re-extract for the remaining 13 hours. Transfer the 
extract to a weighed flask, evaporate the solvent, and dry to constant weight at lOO"^. 

73 II. Roese-Gottlieb Method — Tentative 

Introduce 4 g of the material, or a quantity of a uniform soln equivalent to this 
weight of the dry substance, into a Ruhrig tube or a similar apparatus; make up to a 
volume of 10 cc with H2O, add 1.25 cc of NH4OII, and mix thoroly. Add 10 cc of 
95% alcohol and mix; then add 25 cc of ether and shake vigorously for half a min.; 
and finally add 25 cc of petroleum ether (b.p. below G0°) and shake again for half 
a min. Allow to stand for 20 min. or until the separation of the liquids is complete. 
Draw oS as much as po-ssible of the ether-fat soln (usually 0.5 0.8 cc will be left) 
into a weighed flask thru a small, rapid filter. Weigh the flask with a similar one as 
a counterpoise. Again extract the liquid remaining in the tube, thi.s time with 15 cc 
each of ether and petroleum ether; shake vigorously half a minute with each solvent 
and allow to settle. Rroceed as above, washing the tip of the spigot and the filter 
with a few cc of a mixture of equal parts of the two ethers iprevioiisly mixed and 
freed from deposited H 2 O). Fora greater degree of accuracy the extraction must be 
repeated. If the previous ether-fat solus have Ijeen rlrawn off closely, this third ex- 
traction usually yields not more than about 1 mg of fat, or about 0.02% on a 4 g 
charge. Evaporate the ether slowly on a steam bath and then ilry the fat in a boiling 
water oven until the loss in weight ceases. Test the purity of the fat by dissolving 
in a little petroleum ether. Should a residue remain, wa.sh the fat out completely 
with petroleum ether, dry the residue, vv^eigh, and deduct the weight, 

74 PARAFFIN- TENTATIVE 

Add to the ether extract in the flask, as obtained under 72 or 73, 10 cc of 95% 
alcohol and 2 cc of XaOH soln (1 -(-1); connect the flask with a reflux condenser; and 
heat for an hour on a water bath, or until saponification is complete. Remove the 
condenser and allow the fla.sk to remain on the bath until the alcohol is evaporated 
and the residue is dry. Dissolve the residue as completely as possible in about 40 cc 
of H 2 O and heat on the bath, shaking frequently. Wash into a separatory funnel, 
cool, and extract with 4 successive portions of petroleum ether, collecting the ex- 
tracts in a weighed flask or capsule. Evaporate the petroleum ether and dry to con- 
stant weight at 100°. Any phytosterol or cholesterol present in the fat would be ex- 
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tracted with the paraffin, but the quantity is so insignificant that it may generally 
be disregarded. 

75 ALCOHOL IN SIRUPS USED IN CONFECTIONERY (“BRANDY DROPS”)— OFFICUL 

Collect in a beaker the sirup from a sufficient number of pieces to yield 30-50 g, 
strain into a weighed beaker, and weigh. Introduce the sirup into a 250-300 cc dis- 
tillation flask, dilute with half its volume of attach the flask to a vertical con- 
denser, and distil almost 50 cc, or as much of the liquid as possible without causing 
charring. Foaming may be prevented by adding to the contents of the distillation 
flask a little tannin, or a piece of paraffin about the size of a pea. Cool the distillate, 
makeup to volume with HjO, and mix well. Determinesp.gr. as directed under XIV, 3. 
Calculate the percentage of alcohol by weight in the candy filling, using Table 19, XLII. 

75 COLORING MATTER— TENTATIVE 

Proceed as directed under XXI. 

77 METALS— TENTATIVE 

Proceed as directed under XXIX. 


HONEYS® 

78 PREPARATION OF SAMPLE— OFFICIAL 

(a) Liquid or strained honey . — If the sample is free from granulation, mix thoroly 
by stirring or shaking before weighing portions for the analytical determination. If 
the honey is granulated, place the contaiiier, having the stopper loose, in a W’ater 
bath and heat at a temp, not exceeding 50° with occasional stirring until the sugar 
crystals dissolve. Mix thoroly, cool, and weigh portions for the analytical deter- 
minations. If foreign matter, such as wax, sticks, bees, particles of comb, etc., is 
present, heat the sample to 40° in a water batli and strain thru cheese cloth in a 
hot water funnel before weighing portions for analysis. 

(b) Com6 honey . — Cut across the top of the comb, if scaled, and separate com- 
pletely from the comb by straining thru a 40-mesh sieve. When portions of the comb 
or wax pass thru the sieve, heat the sample as in (a) and strain thru cloth. If the 
honey is granulated in the comb, heat until the wax is liquefied; stir, cool, and 
remove the wax. 

79 MOISTURE-OFFICIAL 

Proceed as directed under 3 or 4, using a weighed (juantity of the sample sufficient 
to yield apjiroximately 1 g of sedids; adding, if necessary, a few cc of H 2 O to incorpo- 
rate thoroly with the sand; and drying at 70° under a pressure of not to exceed 100 
mm of Hg. 

80 ASH— OFFICIAL 

Weigh 5-10 g of honey into a Pt dish, add a few drops of pure olive oil to prevent 
spattering, heat carefully until swelling ceases, and ignite at a temp, not above dull 
redness until a white ash is obtained. 

81 SOLUBLE ASH— OFFICIAL 
Proceed a.s di reeled under 12. 

82 ALKALINITY OF THE SOLUBLE ASH— OFFICIAL 

Proceed as directed under 13. 
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83 DIRECT POLARIZATION— TENTATIVE 

(a) Immediate direct polnruaiion. — Transfer 26 g of the honey to a 100 cc flask 
with HjO, add 5 cc of alumina cream, dilute to the mark with H 2 O at 20^^, filter, and 
polarize immediately in a 200 mm tube. 

(b) Constant direct polarization.- — Complete the mutarotation as directed under 
20. If necessary to conserve the sample, the sol n from the tube used in the immediate 
direct polarization (a) may be returned to the flask. Make the final reading at 20° 
in a 200 mm tube. 

(c) Mutarotation. — The difference between (a) and (b) is a measure of the muta- 
rotation. 

(d) Direct polarization at 87°.— Polarize the soln obtained under (b) at 87° in a 
jacketed 200 mm metal tube, preferably of silver. 

84 INVERT POLARIZATION TENTATIVE 

(a) At 20°.— Invert 50 cc of the soln obtained under 83 as directed under 22(b) 
or (c) or 23(b) or (c), and polarize at 20° in a 200 mm tube. 

(b) At 87°. — Polarize the soln obtained under (a) at 87° in a 200 mm metal tube, 
preferably of silver. 

85 REDUCING SUGARS— OFFICIAL 

Dilute 10 cc of the soln used for direct polarization, 83, to 250 cc and determine 
reducing sugars in 25 cc of this soln by one of the methods given, 33, 37, or 58, 
respectively. Calculate the result to percentage of invert sugar. 

86 SUCROSE OFFICIAL 

(a) Calculate from the data given in 83(b) and 84(a) if inversion is conducted as 
directed under 22(b) or (c). Use the formula given in 22(b). 

(b) Proceed as directed under 28. Determine reducing sugars after inversion by 
diluting 10 cc of the soln obtained under 84 with a small quantity of neutral- 
izing with Na^COj, and making up to 250 cc with HiO. Use 50 cc of this soln, making 
the determination as directed in 85. 

87 LEVULOSE -TENTATIVE 

Multiply the direct reading at 87°, 83(d), by 1.0315 and subtract the product 
from the constant direct polarization at 20°, 83(b); divide the difference by 2.3919 
to obtain the grams of levulose in a normal weight of the honey. JVoin this figure 
calculate the percentage of levulose in the original sample. 

88 DEXTROSE— TENTATIVE 

To obtain the approximate percentage of dextrose, .sul)tract tluj percentage of 
levulose, 87, from the percentage of invert sugar, 85. 

The dextrose can be determined more accurately by multiplying the percentage 
of levulose, 87, by the factor 0.015, which gives its dextrose equivalent in Cu re- 
ducing power. Subtract the figure obtained from that of the reducing sugars, 85, 
calculated as dextrose, to obtain the percentage of dextrose in llie sample. (Owing 
to the difference in the reducing powers of different sugars, the sum of the dextrose 
thus found and the levulose as obtained under 87 will be greater than the quantity 
of invert sugar obtained under 85, 
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89 DEXTRIN (APPROXIMATE)— TENTATIVE 

Using not more than 4 cc of 1120, transfer 8 g of the sample (4 g in the case of dark 
colored honey dew honey) to a 100 cc flask by allowing the sample to drain from the 
weighing dish into the flask and then dissolving the residue in 2 cc of H 2 O. After 
adding this soln to the contents of the flask, rinse the weighing dish with two 1 cc 
portions of H 2 O, adding a few cc of absolute alcohol each time before decanting. Fill 
the flask to the mark with absolute alcohol, shaking constantly. Set the flask aside 
until the dextrin has collected on the sides and bottom and the liquid is clear. De- 
cant the clear liquid thru a filter paper and wash the residue in the flask with 10 cc 
of 95% alcohol, pouring the washings thru the same filter. Dissolve the dextrin in 
the flask with boiling H 2 O and filter thru the filter paper already used, receiving the 
filtrate in a weighed dish prepared as directed under 4. Rinse the flask and wash the 
filter a number of times with small portions of hot H 2 O, evaporate on a water bath, 
and dry to constant weight at 70° under a pressure of not to exceed 100 mm of Hg. 

After determining the weight of the alcohol precipitate, dissolve the latter in H 2 O 
and make up to definite volume, using 50 cc of 1120 for each 0.5 g of precipitate or 
part thereof. 

Determine reducing sugars in the soln both before and after inversion as directed 
under 30, expressing the results as invert sugar. Calculate sucrose from the results 
thus obtained and subtract the sum of the reducing sugars before inversion and 
sucrose from the weight of the total alcohol precipitate to obtain the weight of the 
dextrin. 

90 FREE ACID— OFFICIAL 

Dissolve 10 g of the honey in H 2 O and titrate with 0.1 A NaOlI soln, using phe- 
nolphthalein indicator. Express the results in terms of cc of 0.1 N NaOH required 
to neutralize 100 g of the sample. 

COMMERCIAL GLUCOSE 

91 Qualitatii'e Test — Tentatiue 

Dilute the honey with H 2 O in the proportion of 1 to 1 and add a few cc of I soln 
(1 g of I, 3 g of KI, 50 cc of H 2 O). In the presence of commercial glucose the soln 
turns red or violet, the depth and character of the color depending upon the quality 
and nature of the glucose used. A blank test with a pure honey of about the same 
color should be made in order to secure an accurate color comparison. Should the 
honey be dark and the percentage of glucose very small, precipitate the dextrin that 
may be present by adding several volumes of 95% alcohol. Allow to stand until the 
precipitate settles (do not filter), decant the liquid, dissolve the residue of dextrins 
in hot 11 2 O, cool, and apply the above test to this soln. A negative result is not proof 
of the absence of commercial glucose, as some glucose, especially of high conversion, 
does not give any reaction with I.*” 

92 Quantitative Method — Tentative 

An approximate determination can be made by Browne's formula as follows: 
Multiply the difference in the polarizations of the invert soln at 20° and 87°, 84, 
by 77 and divide this product by the percentage of invert sugar found in the sample 
after inversion. Multiply the quotient by 100 and divide the product by 26.7 to 
obtain the percentage of honey in the sample; 100% minus the percentage of honey 
gives the percentage of glucose.^® 
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COMMERCIAL INVERT SUGAR^i 

Resorcinol Tcsi^'^ — Tentative 

93 HEA{JENT 

Res(frcinol soln . — Dissolve 1 g of resublimod resorcinol in 100 cc of HCI (sp. gr. 
1.18-1.19). 

94 DETEtlMIVA'llOY 

Introduce 10 cc of a 50% houcy soln into a test tube and add 5 cc of ether. Shake 
gently mid allow to stand for some time until the ether layer is clear. Transfer 2 ce 
of this clear ether suln to a small test tulic and add a large drop of the recently pre- 
pared resorcinol soln. JShake, and note the color immediately. A cherry red color ap- 
pearing at once indicates the presence of commercial invert sugar. Yellow to salmon 
shades have no signiiicance. 

II. Aniline Chloride TesC^ — Tentative. 

95 ]1KAGEXT 

Aniline chloride soln . — To 100 cc of (\ P. aniline add 80 cc of 25% IICM. 

96 DLTKIOJIN'ATIOX 

Introduce 5 g of the honey into a porcelain dish and add while Stirling 2.5 cc of 
the recently prepared aniline reagent, in the ]irescncc of commercial invert sugar, 
the reagent assumes inimediatdij an orange-red color turning dark red. Yellow to 
salmon shades have no significance. 

The resorcinol test and the aniline chloride ti'st, when lu'gative, may not be re- 
garded as conclusive evirlence of the ab.^ence of comnicrcial invert sugar sirup in 
honey. 

97 DIASTASE c- tentative 

Mix 1 j)art of honey with 2 parts (jf sterile II-O- rrcat 10 cc of this soln with 1 cc 
of 1% soluble starch soln and digest at 4.v for an hour. .Vt the end oi this time tc.st 
the iiii.\ture with 1 cc of 1 soln 1 g of I, 2 g ot Kl, 80(} in; of II A))- Treat anolher 10 
cc portion of the honey .suln, mixed with 1 er of the solulde starch soln without heat- 
ing to 4.Y, \sith the reagent and (‘oinj)ai e the color, s ])ro<liieed. if the original honey 
has not been heated sufficiently to destroy the diastase, an olive-green or brown 
coloration will be pr^^duced in the riiixtun,' that lias bi'eti heate<l at 4.5', lleattMi or 
artificial honey becomes Idtie. 


MAPLE PRODUCTS^ 

98 PREPARATION OF SAMPLE 

Ci) MajT Siruj> Oj[licial 

1, For .^olids dfUfminolion. - -M the .‘^arnjile contains no .sugar crysttd.s or sus- 
pended matter, deemit .-ufrieient of the clear siru]) for use in the delermiriation. If 
.sugar crystals arc pro.sent, redis.solv'e them by heating. If .suspended matter is pre.s- 
ent, filter the sample thru fMjtJ.on wool. 

2. For other deU rniinnlionr-. -If sugar crystals are [uesent, rcdissolve them by 
heating. If other .sediment is iire.sent, di.stril)Ute it evenly thru the siru[) by Blinking. 
Transfer approximately 100 cc of the sirup, with it.s .susjieiuied sediment, to h cas- 
serole or beaker, add { the volume of lUO, and evaporate over a flame. When the 
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temp, of the boiling sirup approaches 104”, draw a small quantity into a thin- 
vvalle<l pipet of ai>out I cc capacity, and cool to room temp, in running II 2 O. Wipe 
the outsi<ic of the ])ipet, allow the possiljly diluted sirup in the point to escape, and 
make a rcfractomctric measurement of the solids content of the cooled sirup. Re- 
peat til is i)rocediir(>, from time to time until a reading is obtained corresponding to 
01.5% solids (u 2 a = 1 .1521), or to such other value us in the experience of the analyst 
will give a filtered sirui) of 05.0% solids. Filler tire sirup thru a filter which will allow 
the 100 ec to pass within 5 min. and adjust the filtrate to Go.U ±0.5% solids (refrac- 
tometric) by thoro mixing with the appropriate quantity of il^O. 

(b) Maple Sugar and Other Solid or Semi-Solid Products — Tentative 

1. For moisture, and solids deter mi nation . — Grind in a mortar, if necessary, and 
mix the roly, 

2. For other deter minations . — Prepare a sirup by dissolving approximately 100 g 
of the sample in 150 cc of hot H 2 O, boil until the temp, approaches 104” and com- 
plete the preparation of the resulting sirup as directed in (a) 2, commencing at 
“draw a small ipiantity into a ihin-walled pipet.” 

MOISTURE OR SOLIDS— OFFICIAL 
9Q Maple Sugar 

Proceed as directed under 2, using the sample prepared as directed under 93. 

100 Majilc Sirup, }[aple Cream, etc. 

Proceed as directeil under 3, 4 or 7, using the .sample ])repared as directed under 98. 
In the refractometric moasuroment guard against dew on the prisms by circulating 
II 2 O thru the prism jackets and correct tlie observations to 20” by use of Table 
XLII, 7, if temp.s. other than 20' are used. 

101 ASH— OFFICIAL 

Jlcat 5 g of the sirup prepared as directed under 98(a) (2) and 98(b) (2) in a 
50-GOO cc P(, di.sli over a lew flame until completely charred. Transfer to a muffle 
furnace and heat at low rodne.ss (not over 5.5(r) until a white ash is obtained. If de- 
sired, interrupt the a.^liing wlicn nearly all the (’ is burned, and after cooling add 
0.5 1.0 ce of IGO. Kvaporatc, and return the dish to the muflle. To the cooled ash 
add about 1 g of tXHO'jGOj free from non-volatile matter, and 0.5-1. 0 cc of H 2 O; 
evaporate to dryne.ss, reheat in the muffle for 1-2 min., cool in a desiccator, and 
weigh, taking prccautioins to guard against, or to correct, for, absorption of moisture 
during weighing. 

102 SOLUBLE AND INSOLUBLE ASH- OFFICIAL 
Pr(>cec<l as directed under 12. 

103 alkalinity of the soluble ash -OFFICIAL 
Proceed as diieclcd under 13. 

104 ALKALINITY OF THE INSOLUBLE ASH— OFFICIAL 
Proceed as directed under 14, 

105 ALKALINITY OF TOTAL ASH OFFICIAL 

Add the alkalinitics of the soluble and insoluble portions (103 and 104), 
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106 METALS— TENTATIVE 
Proceed as directed under XXIX. 

POLAEIZATION— OFFICIAL 

107 Direct Polarization 
Proceed as directed under 22(a) or 23(a). 

108 Invert Polarization 

(a) At 20“. — Proceed as directed under 22(b) or (c) or 23(b) or (c). 

(b) At 87“’. — Proceed as directed under 30. 

109 SUCROSE— POLARIMETRIC METHODS— OFFICIAL 

Proceed as directed under 22 or 23, or calculate from the results of 107 and 108, 
using the appropriate formula from 22 or 23. 

SUCROSE— CHEMICAL METHODS 

110 By Reducing Sugars Before and After Inversion — Official 
Proceed as directed under 28, 

111 REDUCING SUGARS AS INVERT SUGAR— OFFICIAL 

(a) Before inversion. — Proceed as directed under 35 or 37, using an aliquot of the 
soln used for direct polarization, 107, and only neutral Pb acetate for clarification. 

(b) After inversion. — Proceed as directed under 33 or 37, using an aliquot of the 
soln used for the invert polarization, 108(a), and only neutral Pb acetate for clarifi- 
cation. 

112 COMMERCIAL GLUCOSE— OFFICIAL 
Proceed as directed under 29 or 30. 

LEAD NUMBER 

Cajindian Lead Sumher"^^ {Fowler Modification) — Official 

113 REAGENT 

Standard basic lead acetate soln. — Activate litharge hy licaling it to 650 070° for 
2.5-3 hours in a muffle. (The cooled product should be lemon color.) In a 500 cc 
Erlenmeyer flask provided with a return condenser Ijoil SO g of normal PI) acetate 
crystals and 40 g of the freshly activated litharge with 250 g of HjO for 45 min. Cool, 
filter off any residue, and dilute with recently l)oiled H 2 O to a density of 1.25 at 20°. 

114 determination 

Weigh the quantity of sirup containing 25 g of dry matter, transfer to a 100 cc 
flask, and make up to mark at 20°, or use the soln in which tlie conductivity value 
has been determined (118). Pipet 20 cc into a large test tube, add 2 cc of the stand- 
ard basic Pb acetate soln, cork, and allow to stand 2 hours. 

Filter with suction on a 25 cc tared Gooch, having an asbestos mat at least 3 mm 
thick. When nearly all the liquid has run thru, fill the crucible with cold H 2 O, Re- 
peat to a total of 4 washings, taking care to prevent formation of fissures in the pre- 
cipitate by keeping it covered with II 2 O and avoiding too great suction. Dry at 100°, 
weigh, and multiply the weight by 20. 
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W inion Lead Nu7nber^’’ — Official 

115 REAGENT 

Sta?idard bane lead acetate soln- To a measured volume of the reagent prepared 
for determination of the Canadian lead number, 113, add 4 volumes of II2O, and 
filter, A blank should be run with each set of determinations, 

116 DETERMINATION OF LEAD IN THE BLANK 

Transfer 215 cc of the standard basic Pb acetate to a 100 cc flask, add a few drops 
of glacial acetic acid, and make up to the mark with HjO. Shake, and determine 
PbS04 in 10 cc of the soin as directed under 117. The u,se of acetic acid is imperative 
in order to retain all Pb in soln when the reagent is diluted with H2O. 

1 17 DETERMINATION 

Transfer 25 g of the sample to a 100 cc flask by means of II2O. Add 25 cc of the 
standard basic Pb acetate soln and shake. Fill to the mark, shake, and allow^ to 
stand for at least 3 hours before filtering. Pi pet 10 cc of the clear filtrate into a 250 
cc beaker, add 40 cc of H2O and 1 cc of H2SO4, shake, and add 100 cc of 05% alcohol. 
Allow to stand overnight, filter on a weighed Gooch crucible, wash with 95% alco- 
hol, dry in a water oven, and ignite in a mufllc or over a Bunsen burner, applying 
the heat gradually at first and avoiding a reducing flame. Gool, and weigh. Subtract 
the weight of PbS04 so found from the weight of PbSOi found in the blank, 116, 
and multiply by the factor 27.33. The use of this factor gives the Pb number directly 
without tlie various calculations otherwise required, 

CONDUCTIVITY VALUEi^-OFFICIAL 

118 APPARATUS 

(1) Conductivity cell . — Should be made of resistance glass with platinized Pt 
electrodes firmly fixed and adequately protected from displacement. These elec- 
trodes may be sealed into a vessel into which the soln under examination may be 
run and subsequently drawn off (Zerban type), or attached to a support so that they 
can be lowered into a cylinder (or a 100 cc beaker) containing the soln (dipping 
type). The coll must be provided with a thermometer graduated in tenths of de- 
grees and covering the range of 20-30”, and the bulb must be placed in the immedi- 
ate vicinity of the electrodes. The cell constant should be approximately 0.15. 

(2) Galvanoineter or a )incrophone hummer [or an induction coil) and a sensitive 
lelepko7ie receiver. 

(3) Suitable source of currenl.—Oiy or storage cells if a hummer or induction coil 
is used; 110 volt alternating current if a galvanometer is used. 

(4) Resistances of 10 and 100 ohms. Should be fixed and accurate. 

(5) Slide irire or Wheatstone bridge. 

(0) Device for cotitrol of the tetiip. of Ike cell to within +0,1”— Phis may consist of 
a thermostat or of a vessel into which H^O of suitable temp, may be run so as to 
adjust the cell contents to 25°. 

U9 DETERMINATION OP THE CELL CONSTANT 

Prejiare solna of 0.3728 and 0,7450 g of dry KCl in H2O, which offers a resistance 
of at least 25,000 ohms in the cell, and make them to the mark at 20-25° in 500 cc 
volumetric flasks. Fill the cell with the more dilute (0.01 M) soln, adjust to 25 + 
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O.!”, measure the electrical resistance, and multiply the number of ohms by 141.2. 
Rinse with the stronger (0.02 M) sola, fill the cell with this sola, measure its re- 
sistance at 25", and multiply by 270. 1. Average the two re.siilts. 

120 determination 

Weigh out a quantity of sirup that contains 25 g of dry matter, transfer to a 100 
cc volumetric fla.sk with warm HjO of the same quality as that used in the deter- 
mination of the cell constant, cool to 25°, make to mark, and measure the resistance 
in the cell at 25“ ±0.1°. Divide the cell constant by the number of ohms found. 

121 MALIC-ACID VALUE (COWLES)^?— TENTATIVE 

Weigh 6.7 g of the sample into a 200 cc beaker; add 5 cc of IIjO, then 2 cc of a 10% 
Ca acetate soln; and stir. Add, gradually and with constant stirring, 100 cc of 95% 
alcohol and agitate the soln until the precijiitate settles, or let stand until the super- 
natant liquid is clear, Filter off the precipitate and wash with 75 cc of alcohol, 85% 
by volume. Dry the filter paper and ignite in a Ft dish. Add 10 cc of 0.1 N HCl, 
II, 19(a), and warm gently until all the lime dissolves. (,'ool, and titrate back with 
0.1 A* NaOH soln, using methyl orange indicator. The difference in cc divided by 
10 represents the malic acitl value of the sample. Previous to use, the reagents 
should be tested by a blank determination and any necessary corrections applied. 

SUGAR BEETS 

SUCROSE 

122 I. Alcohol Extraction Method*^— Tentative 

Pass the sample (usually in the form of cossettes) thru a meat grinder fitted with 
a plate having j-inch perforations and mix thoroly. Weigh 20 g of thi; beet pulp and 
transfer to a 100 cc flask with about 50 cc of 90% alcohol and 3 -5 cc of basic Pb 
acetate soln. Connect a reflux condenser to the Bask and place on a boiling water 
bath for 10-15 min. Then pour the whole into a Soxhlet extractor, washing out the 
flask with fresh portion.s of 00% alcohol. Connect the same 100 cc flask to the ex- 
tractor and fit the latter with a return condenser. .\d(l 00% ah'ohol until the si]>hon 
is started and the flask is about ^ full. Place the flask in a covered water bath kept 
at a temp, that will allow the alcohol to boil freely, ('ontiiiue ihe exIraiUion for 1-4 
honr.s, or until a test of the alcohol in the extractor gives no color with aliflia-naph- 
thol soln when tested as fullo^^ s: Intrf)duce into a test tube a fe,w drops of the alcohol 
coming from the extractor and adrl 4 or 5 drops of a 20% alcoholic alpha-nai>hthol 
soln and 2 cc of HA). Shake well, tip the tube, allow 2 5 cc of colorless HtS ()4 to 
flow down the side of the tube, then hold the tube upright. If sucrose is present, a 
color varying from a faint to deej) violet will be noted at the junction of the two 
liquids. On shaking, the whole soln becomes a blue violet color. This test is suitable 
for this work, but it must be remembered that other substances Ijcsides sucrose give 
this color reaction. 

Remove the flask from the water bath, transfer the contents to a 100 cc volu- 
metric flask, cool to the standard temp., dilute to the mark with 90% alcohol, shake, 
and filter, keeping the funnel covered with a watch-glass. Polarize in a 200 mm tube. 

Avoid evafjoratiori and change.s of tem[). and use a minimum quantity of basic 
Pb acetate for clarification, 3 cc rather than 5 cc. By digesting the beet pulp with 
the alcohol before extraction, the time of extraction is gr<',atly shortctied, the pul|) 
becomes thoroly impregnated with the alcohol, all the air is removed, and a good 
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extraction of the whole material is effected. If the pulp is fine and tends to clog the 
siphon, alcohol-washed cotton may be used as a plug in the extractor before adding 
the beet pulp, and a fine mesh sc.reen may he placed over the pulp to keep the 
whole compact in the extractor. 

123 11. Hoi Wafer Digedion Method — Tentative 

Weigh 20 g of the beet pulp, prej)ared as directed under 122, and transfer with 
HiO to a widc-mouthed flask graduated i.o a content of 201.0 cc, the additional 1.0 
cc representing an allowance for volume of marc and of Pb precipitate; add 5 -10 cc 
of basic Pb acetate soln and siiificient H d) tn pro<hH‘e a volume of about 160-170 
cc, and shake. Immerse the fla.sk in a water bath at 80® and rotate at intervals. At 
the end of 80 min. dilute to the mark with at 80® and continue the digestion for 
10 min. longer. Remove the fla.sk from the water bath and allow it to cool to stand- 
ard temp. Add sufficient strong acef 'c acid^^ to make the soln very slightly acid 
(generally lc.ss than O.o cc) and a few drops of ether to break the foam. Apply 
vacuum to withdraw retained air. Dilute to the mark at 20®, mix thoroly, filter, 
and polarize in a 400 mm tiilic. 

124 III. Hot IPn/cr Digestion Method 11}^ — Tentative 

Use Ni-plated sheet iron vessels, 11 cm high, 6 cm body diameter, and 4 cm 
mouth rliameter, also stoppers covered wilh tinfoil to fit. 

Weigh 26 g of the beet pnip, prepared as directed under 122, on a watch-glass 
(small enough to go into the neck of the beaker) and transfer to the metal beaker; 
add 177 cc of dilute basic Pb acetate sohi (5 parts of basic Pb acetate soln, sp. gr. 
1,25, to 100 parts of lUO); .shake, and stopper lightly, Sul)merge the beaker in a 
water bath at 75- 80® for 30 min,, shaking intermit leiitly. When all the air has been 
expelled (generally after 5 min.), tighten the stopper. After 30 min., shake, cool to 
a standard temp., filter, add a drop of acetic acid to the filtrate, and ])olarize in a 
400 mm tube, d'he reading is the percentage of sugar in the beet pulp. 
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1 PHYSICAL EXAMmATION— TENTATIVE 

Note carefully the external appearance of the packages to detect the presence of 
'Meakers/' “swells," or “springers." In general, the ends of sound tins of canned 
vegetables are slightly concave. If desired, the vacuum or pressure in the can may 
be taken by a gage designed for that purpose. 

Measure the distance from the top of the double seam to the contents of the can. 
Note particularly the odor of the vegetables, the appearance of the liquor or brine 
— whether clear or turbid — and the condition of the seams and the inner walls of 
the container, especially as to blackening and (lorrosion; note also the general aj)- 
pearance, color, flavor, and size of the vegetables. In all instances the analyst should 
familiarize himself with the normal apj)earanee, odor, color, flavor, and other prop- 
erties of the product under examination. Make careful macroscopic or microscopic 
examination for worm infestation, mold, dirt, or other evidence of decomposition or 
filth. If analysis of the gas in a bulgetl can is desired, the gas may be conveniently 
collected by means of the Doremus gas collector^ or by similar apparatus, 

2 PREPARATION OF SAMPLE— OFFICIAL 

The preparat ion of the sample depends upon the character of the product and the 
determinations to be made. With samples composed of solid and liquid portions, 
proceed as follows: Weigh the full can, then open, make the physical measurements 
as directed under 1, pour the entire contents on a round sieve with a No. 8 standard 
screen (diameter of wire 0.84 mm and size of opening 2.38 mrn).® Use a sieve 8 inches 
in diameter for a No. 3 or smaller can, and a sieve 12 inches in diameter for cans 
larger than No. 3. 

Allow the can to drain 2 min., weigh either the drained solids or the free liquid 
direct, and reweigh the dry empty can. From the weights thus obtained determine 
the percentage of liquid and of solid contents. If only the solid portion is required 
for analysis or examination, thoroly grind the drained vegetables in a mortar or food 
chopper. If a composite of the solid and liquid portion is required, thoroly grind the 
entire contents of the can in a mortar or food chopper. In all cases, thoroly mix the 
portion used and preserve the balance in glass-stoppered containers. Unless the 
analysis is to be completed in a reasonably short time, determine the moisture in a 
portion of the sample prepared as above, and to prevent decomposition dry the re- 
mainder, grind, mix thoroly, and preserve in glass-stoppered containers. A second 
moisture determination is required in this procedure. 

3 MOISTURE OFFICIAL 
Proceed as directed under XXVII, 5. 

4 ASH— OFFICIAL 
Proceed as directed under XXVII, 8. 

5 SODIUM CHLORIDE— OFFICIAL 

Determine CT as directed under XII, 35 or 37, and express the result in terms of 
NaCI. 

6 REDUCING SUGARS BEFORE INVERSION— OFFICIAL 

Weigh 20 g of the sample into a 200 cc flask, dilute with about 100 cc of H 2 O, 
clarify with a slight excess of neutral Pb acetate soln, dilute to the mark, and filter. 
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Remove the excess of Pb with anhydrous NajSO^ or with dry K oxalate. Filter, and 
determine reducing sugars as directed under XXXIV, 37. Express the result as per- 
centage of invert sugar. 

7 REDUCING SUGARS AFTER INVERSION— OFFICIAL 

Transfer 50 cc of the filtrate obtained under 6 to a 100 cc flask, add 5 cc of 
HCl, and let stand overnight, as directed under XXXIV, 23 (c). Nearly neutralize 
with NaOH soln, cool, dilute to the mark, and determine reducing sugars in an ali- 
quot as directed under XXXIV, 37. Exj)re8s the result as percentage of invert sugar. 

8 SUCROSE— OFFICIAL 

Proceed as directed under XXXIV, 28. 

9 TOTAL ACIDS -OFFICIAL 

Proceed as directed under XXVI, 24, using 5 g of the sample. Express the result 
as the number of cc of normal alkali required to neutralize 100 g of sample. 

10 VOLATILE ACIDS— OFFICIAL 

Proceed as directed under XV, 24. Express the result as percentage of acetic 
acid. 1 cc of 0.1 .V alkali =0,0060 g of acetic acid. 

11 PRESERVATIVES AND ARTIFICIAL SWEETENERS 
Proceed as directed under XXXII. 

12 COLORING MATTERS 
Proceed as directed under XXI. 

13 METALS 
Proceed as directed under XXIX. 

TOMATO PRODUCTS’ 

(Tomato catsup, pulp, pur^e, sauce, and paste.) 

14 PREPARATION OF SAMPLE— OFFICIAL 

Shake the unopened container thoroly to incorporate any sediment. Transfer 
the entire contents to a large glass or porcelain dish and mix thoroly, continuing the 
stirring for at least 1 min. Transfer the well-mixed sample to a glass-stoppered con- 
tainer and shake or stir thoroly each time before removing portions for analysis. 

15 SPECIFIC GRAVITY* - TENTATIVE 

Determine the sp. gr. at 20 20", using a National (’anners .\ssociation sp. gr. 
bottle, Fig. 44. (dean and calibrate th(3 bottle at 20" .a.s directed under XIV, 3, but 
since the i)ottle is not provided with a ca^), strike off exeess Il 20 with a .straight edge, 
wipe the bottle dry, and weigh immediately, ('ool the sample to 1()-18°, fill the flask 
with the pulp, and place it in a centrifuge with a suitable counterpoise in the other re- 
ceptacle. Whirl for 1 min. at a .speed of about 1000 r.p.m. Adtl sufficient pulp to 
fill the flask to the top and whirl the centrifuge again. Remove flask ami take the 
temp, of the pulp, inserting the thermometer so that no air is introduced. When the 
temp, is just 20", remove thermometer, add sufficient pulp at the same temp, to have 
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the flaak slightly over-full, and strike off even with a straight edge. Clean the out- 
side of the flask and weigh at once to the nearest 0,01 g. Sp. gr. = weight of pulp 
in the flask ^the weight of H^Q at 20"^ that the flask holds, 

16 TOTAL SOLIDS TENTATIVE 

Weigh a portion of the sample into a flat-bottomed dish of 
such size that the dry residue wdll not exceed 12 mg per sq. cm of 
drying surface. Distribute evenly in a thin layer over the bottom 
of the dish. Place in a vacimm oven at 70°, with release cock left 
partly open so that the degree of vacuum docs not exceed 450 mm 
of Hg and the moisture evolved is carried off rapidly. After reach- 
ing apparent dryness (approximately 1 hour), nearly close the 
release cock and dry at 70° for 4 hours at a pressure not to exceed 
100 ram. 

17 INSOLUBLE SOLIDS— TENTATIVE 

Wash 20 g of the sample repeatedly with hot IIjOj centrifuging 
after each addition of H 2 () and jjouring the clear, su[)ernatant 
liquid thru a weighed paper filter on a Buchner funnel. The filter 
used is one of two such papers dried 2 hours at 100° and weighed 
in a coveretl dish. The second paper i.s used, if necessary, when 
the first paper becomes clogged. After 4 or 5 washings transfer 
the remaining insoluble matter to the filter, dry in the covered 
dish for 2 hours at 100°, cool in a desiccator, and weigh. 

18 SOLUBLE SOLIDS— TENTATIVE 

To obtain the percentage of soluble solids, subtract the percentage of insoluble 
solids from the percentage of total solids. 

19 SAND— TENTATIVE 

Weigh 100 g of tlie well-mixed sample into a 2 -3 liter beaker, nearly fill the beaker 
with lIjO, and mix the contents thoroly. Allow to stand 5 min. and decant the 
superjiatant liquid into a second beaker. Pcflll the first beaker "with HjO and again 
mix the contents. After 5 min. more decant the second beaker into a third and the 
first into the second; refill and again mix the first. Continue this operation, decant- 
ing from the third beaker into the sink until the lighter material is washed from the 
sample. Then collect the sand from the 3 beakers on a weighed Gooch crucible, dry, 
ignite, and weigh. 

Under “Sand" only the figure obtained by the above method should be reported. 
The results obtained by the determination of ash insoluble in HCl are not applicable 
to the determination of sand, as the sand is so unevenly distributed that reliable 
results can be obtained only by taking a larger sample than is possible in the deter- 
mination of ash. 

20 ASH— OFFICIAL 

Evaporate 10 g of the sample to dryness on a water bath and ignite as directed 

under XXVII, 8. 

21 ALKALINITY OF THE ASH— OFFICIAL 

Proceed as directed under XXVI, 10. Express the result as the number of cc of 
normal acid required to neutralize the ash from 100 g of the sample. 



FIG. 44— BOTTLE 
USED IN DETER- 
MINATION OF 
SPECIFIC GRAV- 
ITY OF TOMATO 
PRODUCTS 
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22 SODIUM CHLORIDE— OFFICIAL 

Determine ('I as directed under XII, 35 or 37, using a HNOj soln of the ash (ef. 
XII, 33 and 35). Calculate and report the result as percentage of NaOI. 

23 SUGARS 
Proceed as directed in 6, 7, and 8. 

24 TOTAL ACIDS— OFFICIAL 

Proceed as directed under XXVI, 24, using 5 g of the sample. Express the result 
as percentage of anhydrous citric acid. 1 cc of 0. 1 alkali -0.0064 g of anhydrous 
citric acid. 

25 VOLATILE ACIDITY— OFFICIAL 

Proceed as directed under XV, 24, using 25 g of the sample, increasing the quan- 
tity of HjO used for the distillation, and collecting a correspondingly larger quantity 
of distillate. Express the result as percentage of acetic acid. 1 cc of 0.1 N alkali = 
O.OOGO g of acetic acid. 

26 FIXED ACIDITY— OFFICUL 

Multiply the percentage of volatile acids, 25, by 1.067 and subtract the product 
from the percentage of total acids, 24, to obtain the percentage of fixed acids as 
citric acid. 

MICROANALYSIS OF TOMATO PULP, PURfiE, SAUCE, PASTE^'— OFFICIAL 

27 APPARATUS 

(a) Co7n pound inicroscope. — Equipped with good objectives and oculars, giving 
magnifications of approximately 90, 180, and 500 diameters. For convenience of use 
the lenses should be adjusted so as to be parfocal, A mechanical stage is highly de- 
sirable. It is essential that the combination giving the low magnification be capable 
of adjustment to give an area of the field of view of 1.5 s((. ram fa circle whose 
diameter is 1.382 ram). With the higher powers the working distances must be ample 
to allow the free use of the blood-counting cell. 

(b) Drop-in cross-ruled disk.^ — For estimating lengths of mold filaments, an ocular 
drop-in disk cross-ruled in sixths of the ocular diaphragm opening is desirable. 

(c) Blood counting ceff.— Ruled in the Thoma or the old Xeubauer system of rul- 
ings. The so-called “improved” system of Xeubauer is not suitable for this purpose. 

fd) Howard mold-counting celld — ('onstructed like a hlood-counting cell but with 
unruled central disk about 19 mm in diameter. 

28 MOLDS 

In making mold counts of tomato juice, catsup, and pur6e, use the product as is, 
but with tomato pastes mix first with HjO so that the tomato solids will give a sp. 
gr. of 1,0.35. If the paste contains salt or other substance that influences the sp. 
gr. materially, take this into consideration in making the dilution, 

Clean the special Howard cell so that Newton’s rings are produced between the 
slide and the cover-glass. Remove the cover and place a small drop of the well-mixed 
sample upon the central disk; using a knife blade or scalpel, spread the drop evenly 
over the disk, and cover with the glass so as to give an even spread to the material. 
It is of the utmost importance that the drop be taken from a thoroly mixed sample 
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and spread evenly over the slide disk. Otherwise, when the cover slip is put in place 
the insoluble material, and consequently the molds, may be more abundant at the 
center of the mount. Avoid using a drop that is much greater than is sufficient to 
fill the space between the center disk and cover slip. Discard any mount showing 
uneven distribution, absence of Newton’s rings, or liquid that has been drawn across 
the moat and under the cover glass. 

Place the slide under the microscope and examine with such adjustment that each 
field of view covers 1.5 sq. mm. This area, which is of vital importance, may fre- 
quently be obtained by adjusting the draw'-tube in such a way that the diameter of 
the field becomes 1.382 mm. Where such adjustment by means of the draw-tube is 
not possible, it is sometimes necessary to have a mechanic make an accessory drop-in 
ocular diaphragm with the aperture accurately cut to the necessary size. The diam- 
eter of the area of the field of view can be determined by use of a stage micrometer, or 
by employing the rulings on the blood-counting cell. In order to use the latter 
method it is necessary to bear in mind that a square whose diagonal is 1.382 rnm has 
sides of approximately 0.977 mm. Hence the ram scale on the blood-counting cell can 
be used by such adjustment that the circle of the field of view cuts off the necessary 
amount from each corner of the mm-ruled square. When the instrument is properly 
adjusted, the quantity of liquid examined jier field is 0.15 cmra (0.00015 cc). 

Examine at least 25 fields from each of two or more mounts taken in such manner 
as to be representative of all sections of the mount. Observe each field, noting the 
presence or absenc,e of mold filaments and recording the result as positive or as 
negative, as the case may be. No field should be considered positive unless the aggre- 
gate length of not more than three of the filaments present exceeds approximately 
^ of the diameter of the field. C'alciilate the proportion of positive fields from the 
results of the examination of all the observed fields and report as percentage of fields 
containing mold filaments. 

29 YEASTS AND SPOBES 

Fill a graduated cylinder with H^O to the 20 cc mark and add the sample till the 
level of the mixture reaches the 30 cc mark. Close the graduate, or pour the con- 
tents into an Erlenmcycr flask, and shake vigorously for 15-20 seconds. To assure 
thoroness the mixture should not fill more than f of the container in which the shak- 
ing is performed. For tomato sauce or pastes, or products running high in the num- 
ber of organisms or of heavy consistency, use 80 cc of H 2 O with 10 cc or 10 g of the 
sample. In the case of exceptionally thick or dry pastes, it may be necessary to make 
an even greater dilution. 

Pour the mixture into a beaker. Thoroly clean the counting cell so as to give good 
Newton’s ring.s. Stir thoroly the contents of the beaker with a scal])el or knife blade 
and after allowing to stand 3-5 seconds remove a small drop, place it upon the cen- 
tral disk of the blood-counting cell, and cover immediately with the cover-glass, 
observing precautions to secure production of Newton’s rings and avoiding the over- 
flowing of the liquid so as to run in between the cover and supporting surfaces of the 
slide. Allow the slide to stand not less than 10 min. before beginning to make the 
count. It is customary to make the count with a magnification of about 180 to 220 
diameters. 

Count the number of yeasts and mold spores on y of the ruled squares on the disk 
(this amounts to counting the number in 8 of the blocks, each of which contains 25 
of the small ruled squares). The total number thus obtained equals the number of 
organisms in 1/00 einrn (1/60,000 cc) if a dilution of 1 part of the sample with 2 
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parts of HjO is used. If a dilution of 1 part of the sample with 8 parts of HjO is used, 
the number must be multiplied by 3. In making the counts, the analyst should avoid 
counting twice the organisms that rest on a boundary line between two adjacent 
squares. 

30 BACTERIA 

Determine the number of rod-shaped bacteria from the mounted sample used in 
28, but before examination allow the sample to stand not less than 15 rnin. after 
mounting. Use a magnification of about 500 diameters. 

Count and record the number of bacteria having a length greater than times 
their width in an area including 5 of the small si;:ed squares. Count the number in 
5 such areas, preferably 1 from near each corner of the ruled portion of the slide and 
1 from near the center. Determine the total number of rod-shaped bacteria in the 
5 areas and multiply by 480,000. This gives the number of this type of bacteria per 
cc. If a dilution of 1 part of the sample with 8 parts of lUO, instead of 1 part of the 
sample with 2 parts of the lUO, is used in making up the sample, then the total 
count obtained in the 5 areas must lie multiplied by 1,440,000; The bacteria some- 
times exhibit a slight motion and thus may present momentarily an end instead of 
a side view. For this reason it is necessary to keep them under observation long 
enough to establish their true character. Thus far it has proved impracticable to 
count the micrococci present a.? they are likely to be confused with other bodies fre- 
quently present in such products. 

31 FIELD CORN IN CANNED MIXTURES OF FIELD AND SWEET COR N^TENTATIVE 

Empty the contents of a Xo. 2 can, or the reiirescntative equivalent portion 

of a larger can, into a large beaker and remove the liquor and debris from fragments 
of kernels by flotation with cold HaO. Plaee upon a flat plate all kernels to which the 
outer seed coat is still attached, mix thoroly, and quarter to about 400 pieces. 
Harden the selected pieces in 95% alcohol and quarter again to obtain about 100 
fragments. Cut each fragment thru with a section i'a?-or or knife anri avoid con- 
tamination of the fragments with dextrin by washing and drying the instrument 
after each cut. With a dissecting needle remove a portion about in. in diameter 
from the uncontaminated interior of each kernel and place the pieces in separate 
depressions of a white spot plate, ('over each piece with freshly prepared I stain 
fO.2 g of I, 1.5 g of KI in 100 cc of HsO) and allow to stand 10 min. A lirown cloud 
will disseminate from the portions of sweet corn (l\ie to dextrin, while the sola sur- 
roujiding the field corn will remain clear and tlie portion will be blue black and 
sharply outlined. (Tush the field corn {lortions to insure absence of dextrin and count 
those found to contain none. Use care in interpreting the results because kernels of 
immature sweet corn do n<>t contain enough dextrin to produce the. dense brown 
coloration characteristic of more mature sweet corn. In case of doubt, report as field 
corn only those kernels having a firm texture and showing no brown coloration 
with I soln on 2 confirmatory tests, ('alculate the percentage of field corn from the 
total number of kernels examined. 
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Tech. Bull., 91. 

« J. Assoc, Official Agr. Chem., 6, 50 (1922). 

^ U. S. Dept. Agr. Bur. Chem. Circ. 68, p. 4, 

» J. A8.snc. Official Agr. Chem., 12, 30 (1929); 15, 167 (1932). 
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XXXVIL WATERS, BRINE, AND SALT 

WATERS 

POTABLE WATER 

TURBIDITY— OFFICIAL 

1 REAGENTS 

(a) Standard lurhidii!^ soln. — Mix 1 g of elutriated fullers’ earth, previously dried 
and sifted thru a 200-me8li sieve, with HjO and dilute to 1 liter. If the fullers’ earth 
is of good quality and the proper degree of fineness, this stock mixture has a tur- 
bidity of 1000. Check the stock soln with a turbidimeter equipped with either caudle 
or electric light. 

(b) Turhiditf/ standards. — Prepared by dilution of (a). 

2 DETERMIN.\TIOX 

If the turbidity is less than 100, which prohibits the use of the turbidimeter, de- 
termine by direct comparison with turbidity standards contained in bottles of clear 
white glass. 

COLOR -OFFICIAL 

3 REAGENTS 

(a.) Standard color sofa.- -Dissolve 1.245 g of potas.sium chloroplatinate (PtCL- 
2KC1) containing 0.5 g of Pt, and 1 g of cry.stallized CoCl ,.61120 containing 0.25 g 
of CO, in a small quantity of H 2 O; add 100 cc of HCl and dilute to 1 liter with HjO. 
This stock mixture has a color of 500. 

(b) Color standards. — Prepared by dilution of (a). 

4 DETERMIN.^TION 

Compare the color of the sample, freed from suspended matter, with the stand** 
ards in tubes of clear white glass. 

5 ODOR OFFICIAL 

Shake the vessel containing the sample and note the odor. Heat a portion of the 
sample to incipient boiling and note the od(jr. 

6 TOTAL SOLIDS--OFFICIAL 

Thoroly shake the ves.sel containing the sam[jle and pipet 100 cc of the unfdtcred 
HjO into a weighed Pt dish. If the sample contains much suspended matter, shake, 
pour rapidly into a 100 cc mea.suring cylinder, and transfer without delay to a 
w^eighed Pt dish. Evaporate to dryness and heat to constant weight at 100". In the 
case of highly mineralized w aters it is advisable to weigh again after drying at 180“. 

7 SOLIDS IN SOLUTION- OFFICIAL 

Allow the sample to stand until all sediment has settled and filter if necessary to 
secure a perfectly clear liquid. Occasionally a clear filtrate can be obtained only by 
the use of alumina cream, but this should be avoided if possible. Evaporate 100-250 
cc to dryness in a w’eighed Pt dish. Heat to constant weight at 100“. In the case of 
highly mineralized waters it is advisable to weigh again after drying at 180“, 
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8 SUSPENDED MATTER— OFFICIAL 

(1) Subtract tlie value for Holids in solri, 7, from the value for total solids, or, 
(2) filter a suitable measured voluine of the sample thru a dry weighed Gooch cru- 
cible containing an asbestos mat, dry crucible and contents at 100°, cool, and weigh. 

9 IGNITED RESIDUE— OFFICIAL 

Ignite the residue from 6 at a low red heat until the ash is white or nearly so. Note 
any odor or change in color produced diiring ignition. Record the weight of the ig- 
nited residue and calculate the loss on ignition. 

NITROGEN IN THE FORM OF FREE AND ALBUMINOID AMMONIA 

Method /. — Official 

(For waters that do not contain hydrogen sulfide.) 

10 UEAGEXT.S 

(a) Nessler*s reajenfi— Dissolve 113 g of NaOH in 950 cc of and filter thru 
asbestos. Add 50 g of red Hglo to the filtrate and dilute with H2O to 1 liter. Mix 
thoroly, allow to settle, and use the supernatant liquid. 

(b) Alkaline ])oiassium permanganate soln. — Dissolve 143 g of NaOH and 8 g of 
KMn04 in II2O and dilute to 1 liter. 

11 DETERMIN.\TION 

Connect a flask of about 1000 cc capacit}" with an upright bulb condenser by 
means of a rather large glass tube and a soft rubber stopper or a recently extracted 
cork stopper. Place in the flask 5 cc of a saturated soln of NazCOj and 500 cc of 
NHs-free H2O. Distil into 50 cc Nessler tubes until no further traces of NH3 are in- 
dicated on the addition of 2 cc of the Nessler reagent to 50 cc of the distillate. Con- 
tinue the distillation until the volume of the soln in the flask has been reduced to 
about 200 cc. Cool slightly, add 500 cc of the sample under examination, and distil, 
at the rate of about 1 tubeful in 10 min., into 50 cc Xessler tubes until NH3 ceases 
to be given off (4 or 5 tubes are usually sufficient). Add 2 cc of the Nessler reagent 
(o each tube and let stand 10 min. Freshly prepare in a similar manner other ness- 
lerized lubes eoiitaining known quantities of the standard NH4GI soln, made up to 
50 cc with NHj-free HjO, and compare the iiesslerizcd distillates with these. Report 
as mg per liter of N in the form of free NH3. Cool the flask and add 50 cc of the alka- 
line permanganate recently boiled. Distil, at the rate of 1 tubeful in 10 min., into 50 
cc, Nessler tubes until NH3 ceases to come off. Nosslerize and compare as in the deter- 
mination of free NHj. Report as mg per liter of N in the form of albuminoid NHa, 

Method II. — Offiicial 
(For waters containing sulfur*.) 

12 UEAUEXT8 

(a) Sulfuric acid .win. — Dilute 7 cc of HjSOi (free from Nlls-salts) to 500 cc. 

(b) Sodium carbonate so/h. -D issolve 66 g of anhydrous NaaCOj or 179 g of 
Na2(X)3.I0 II2O in IRO and dilute to 250 cc. 

The other reagents and solus used are described under 10. 

13 determination 

Place 500 cc of the .sample in a beaker or casserole, add 30 cc excess of the H2SO4 
soln (a) and boil carefully iiniil free from sulfide (about 20 min.). Add about 300 cc 
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of H2O and 8 cc of the NaaOOa soln to a distill ins flask connected as described under 
11 and distil until free from NII 3 . Cool, add the cooled sample, whicli has been freed 
from sulfide, and proceed with the distillation, addition of alkaline permanganate 
soln, etc., as directed under 11 . 

NITROGEN IN THE FORM OF NITRITE -OFFICIAL 

14 liEAOES'l’ri 

(a) SidfaniUc acid sohi . — Dissolve I g of sulfanilic acid in hot II2O, cool, and di- 
lute to 100 cc. 

(b) Alf)ha-nap}ilhyla>ni/H' hydrochloride st)l/i.---I3oil O.fi g of the salt with 100 cc 
of H-2O, kept at constant volume, for 10 min. 

tc) Standard nitrite sobo— Dissolve 1.1 g of AgXOj in NOj-free IDO, precipitate 
the Ag with XaCl soln, dilute to 1 liter, miv, and allow to settle. Dilute 100 cc to 1 
liter ami then 10 cc of thi.s soln to 1 liter, using in each case XOi-free IDO. 1 cc of 
the last soln = 0.0001 mg of X as XOi. 

15 DETERMINATION 

Place 100 cc of the sample in a 100 cc Xessler tube and treat with 1 or 2 drops of 
Itt'l. Add I cc of the sulfanilic acid, 1 cc of (lie al])ha-naphthylamine hydrochloihle 
soln, and thoroly mix. Set aside for 80 min. with other Xessler tubes containing 
known quantities of the standard XO2 soln made uj) to 100 ce with NOj-free IDO 
and treated with H('l, sulfanilic acid, and alpha-na[)hth.\laniine hydrochloriile .soln 
in the same manner as the sanqilc. DtUermlue the qiiantity of XO> l)y comparing 
the depth of pink color in the known and unknown solus. Record as X in tlie, form 
of XO2. 


NITROGEN IN THE FORM OF NITRATE- 

/. Ph(:noi<lisfdfi}7iic Acid Method — Oficial 
'A-'or water of low cldoriiie CDiiltMit.) 

16 ItE.'Lt.ENT.S 

'a) Phe7'ioldi.'iiilpAuc ticifi -Dis.-^olve '2o g of pure wliiti' phenol in laO cc of 

H2SO4, add 7.5 cc of fundrig ]fjS()4 18 lo'D and heat at 100'' for 2 hours. 

(b) Standnrfl nitrate -Di.ssrd 0,007 g of juiia' XaXO- in 1 liter of XO^-freo 

H2O. Evaporate 50 cc of thi.s soln lo di'X'iie.-:,^ in a p^ufadain dish; wlum cool, treat 
with 2 cc of the phenoldisiilfonic arid snln, l ublung with a glass rod to insure inti- 
mate contact; and dilute to .500 cc. 1 cc -O.tll mg of X as Xt);,. (This solu is i)f>r- 
manent.) Prepare standard.s for cornpiu ison by adding X II dl 1 1 to measured volumes 
of the standard s(dn in 100 cc Xcssli;r tul)r's. 

(c) Standard silccr Hotfatc .oda,- -Dissolve 1.807 g of Ag.SO,. free from XO.,, in 
1 liter of Hd), l cc = I mg id t 'l. 

IV OK I'KIi.MiN.M ION 

To 100 cc of the sample, or a quantity that contains tl.Oo mg or less of X as XO^, 
add the standard Ag^SD.j stiln, precipitating all hut tdtont 0..5 mg of tlm ('1. Heat lo 
boiling and allow to settle, or .add a littir alumina cream, filter, and wjisli with small 
quantit.ie.H of hot H2D. Eva[)oriiti; the filiittle to dryness in a porcelain dish on :i 
steam bath; when cool, tre:it with 2 ec of the phenoldisiilfonic acid soln ,a.s directed 
under 16'b). Dilute with IDO and add slowly XHiOH until the maximum color i.s 
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developed. Filter if necessary, transfer to a colorimetric cylinder, and compare with 
the standards in the usual manner, llccord as N in the form of NOa. 

II, Reduction Method'^ — Official 
(For water of high chlorine (iontent.) 

18 REAGENTS 

(a) Aluminum foil. — Shoiild he the purest obtainable. Cut into strips about 10 
ern long, weighing about 0.5 g. 

(b) Sodium hydroxide ,^oln. — Dissolve 2t50 g of the purest NaOH obtainable in 
1250 ce of H^O. Add 2 or 3 .sf rijis of tlie A1 foil and let stand about 12 hours. Con- 
centrate th(! soln to 1 liter by boiling, 

19 DETERMINATION 

To 100 cc of the .sample, or a (.piantity that' contains 0.1 mg or less of N as XOs, 
in a 300 cc casserole, add 2 cc. of the Xid.)!! soln and ('oncentrate by boiling to about 
5 the original volume, Ih-ansfer to a 100 cc test tube, u.sing X-free H^O, and dilute, 
if necessary, fo a volunui of about 75 cc, Prepare a blank (preferably several blanks, 
since the X imiuirity in AI is often distril)uted unevenly) by jilacing about 75 cc of 
N-free H2O and 2 ce of the XaOII ,soln in a 100 cc tc,st tube. Place a strip of the Al 
foil in each tiilic. ('lo.se the ends of the test tube.s ruliber sto]i]}ers connected by 
means of bent glass tubes with other test tulies containing about 50 cc of slightly 
aciflified XID-free IDO, (The.^^e latter tubes serv'e as traps to prevent the escape of 
Xllj and at the .same time permit the free evolution of H.) Allow the sample and 
blank to .stand at room temp, for 12 hours or until reduction is complete. Xe.sslerize 
the traps, if high in XI b, indicating frothing over of the sample, discard the deter- 
mination. Disregard the traps if (hey contain only 0.01-0.02 mg of as XH3 each. 
Transfer the samjile and blank to disi ilka t ion flasks, using 250 cc of X' ID-free HjO 
for each; distil, ncsslcrize, and compare with .stamlards as in the determination of 
free X'lD, 11. Sul)tract the quantity of X" found in tlie blank from that found in the 
sample. Calculate to mg jier liter of X" in the form of X'Os. 

CHLORIDE -OFFICIAL 

20 RKA(;ENT.S 

(a) Poiassitnn chromate indicator. — Dissolve 5 g of K >C'r04 in H2O, add a soln of 
AgXOj until a slight permanent red ])recipitate is produced, filter, and dilute to 
too cc. 

(b) Standard .vlirr nitrate sohi.- Dissolve 4.701 g of AgXOs in H2O and dilute to 
1 liter. 1 ce -= 1 mg of (d. ("hock by titration against a standardized soln of NaCI. 

21 DETERMINATION 

To 100 cc of the sample add a few drops of phenolphthalcin indicator. If a pink 
color appears, titrate the ("Os thus indicated to HC'Os Avith 0.05 N H2SO4. If the 
sample is acid to methyl orange, add 0.05 .V Na^C to neutralize the acidity. Add 
I cc of tlie K2 Di ’04 indicator anil titrate with the standard AgNOs soln. Correct for 
the quantity of AgXOs soln necessary to give, in 100 ce of Cl-free H2O with 1 cc of 
(he chroinalo, the sliade obtained at the end of the titration of the samjde. (If io- 
dides and liromides are found in interfering quantities, make the equivalent cor- 
rection.) 


507 



XXX vn 


METHODS OF ANALYSIS 


If chlorides are present in very small quantities, concentrate 500 or 1000 cc in a 
porcelain dish to 100 cc, rub down the sides of the dish carefully, add 1 cc of the 
K2Cr04 indicator, and titrate with the standard AgNOs soln, If sufficient chlorides 
are present in 100 cc of the H^O to consume more than 25 cc of the standard AgNOj 
soln, determine by precipitation and weigh the AgCl as directed under XII, 35. 

FLU 0 RIDES^— TENTATIVE 

22 REAGENTS 

(a) Standard fluoride soJn. — 1 cc =0,02 mg of F. Prepare by diluting a stock soln 
containing 1 g of F per liter. NaF may be weighed out directly (2.22 g to 1 liter). 

(b) Titanium soln.— To 2 cc of 20% TiCb add 40 cc of HNOj (1 +1) and make 
to 1 liter with H2O. 

(c) Hydrogen peroxide soln. — Dilute 10 cc of 30% H2O2 to 100 cc with H2O. 

(d) Copper Jiitratc soln . — Dissolve 5 g of Cu(NO;d2 in 100 cc of H2O. 

Test the H^SOi for presence of F. (A straight Willard and Winter distillation® 
will suffice.) Collect 175 cc distillate and make to 200 cc volume. 

23 APPARATUS 

(a) Claissen flask. — Ca])acity 125 cc. 

(b) Xessler tubes. — At least 7 long-form 50 cc tubes, and more if possilde. Tubes 
with fused bottoms of optical glass are desirable but not absolutely necessary. 
(Fisher Scientific Company’s “Double Plane” tubes are recommended.) Match 
the tubes for length and test for optical similarity l)y filling to the mark with a soln 
corresponding to the “0.04” standard described later. Reject all tu])e.s showing de- 
tectable differences in shade or intensity. 

(c) pH comparator. — Use any instrument that will show that the pM of a colored 
soln equals 1.50 :i0.02 ])H. A special set made by the LaMotte Company hasst.and- 
ards of 1.40, 1.45, 1..50, 1.55, and 1.60 pH units with metacresol purple inrlicator 

24 FREPARATEON OF SAMPLE 

Make a preliminary examination to ascertain the approximate quantity of F 
present by comparing in Xessler tubes 10 cc of the clear sample ^filtered if necessary) 
with known F standards containing not more than 0.05 mg of F (waters containing 
sulfates, phosphates, A1 salts, arnl other interfering substances vitiate the colori- 
metric comparison and give erroneous results). 

According to the approximate F content, take a suitable quantity of water, make 
neutral to phenolphthalein indicator with 2.5% XaOH soln, and evaporate in por- 
celain to 5 cc. Transfer to the Claissen flask, using not more than 25 cc of 1120. 

25 ISOL.VTION 

Put into the Claissen flask 20 30 glass beads aiul place the flask on an asbestos 
mat with an opening large enough to expose about one-fourth of the fla.sk to the 
flame. Close the straight neck of the flask with a two-holed rubber stopper thru 
which pa.ss a thermometer and a small separatory funnel, the outlet of which is 
constricted to a diameter of almut 2 mm. Have the thermometer and the funnel 
extend almost to the bottom of the flask, ('lose the other neck of the flask with a 
solid rubber stopper, f.'onncct the flask with a water comieri.ser, add 7 cc of 11 2804 
thru the separatory funnel, mix, and distil. Keep the temp, at 135“ ±3° during the 
distillation, regulating it by addition of HjO from the separatory funnel, (kfllej-t 
200 cc of di.stillate in a volumetric flask. 
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26 DETERMINATION 

(a) Color standards. — To each of 6 Nesslcr tubes add 1.0 cc HNOj (1+9) and 
1,00 cc (accurately measured) of the TiCh soln, then 0.0, 0.5, 1.0, 1.5, 2.0, and 2.5 
cc of the standard F soln. Add 30 cc of HjO and 2 cc of the peroxide soln, make to 
mark, and mix by inverting the tubes at least 5 times. Test the pH of one of the 
series and replace. This gives a series of standards reading 0.00 to 0.05 mg of F. If 
the tubes are kept stoppered and protected from intense sunlight, they will keep 
constant for 24 hours. 

If trouble is experienced in matching the yellow colors add, before making to 
volume, 2,0-2.5 cc (amount varying with the analyst’s color preference) of the 
Cu(N 03)2 soln (not sulfate, which introduces an interference). The resultant color 
varies from yellowish green (no F) thru green to bluish green. 

(b) Sample tubes. — Mix distillate, and filter, if necessary, on a good grade quan- 
titative filter. (Certain qualitative filters, particularly when old, have been found 
to impart appreciable amounts of yellow color to the filtrate.) 

Prepare one or more sample tubes as directed under (a) substituting for the 
standard F soln a suitable aliquot of the distillate. For greatest accuracy use an 
aliquot that contains as near as possible {hut not exceeding) 0.05 mg of F. 

Note f .“The quantities of HNOs mentioned are approximate. Each analyst is ex- 
pected to determine the accurate figures applicable to his own supply. The pH of the 
sample and the standards must he the same (within ±0.02), and both should be pH 
1.5 or slightly lower. 

Note 2. — ^Thc limits of accuracy of the other reagents are: 

cc cc 

Titanium soln 1 ±0.01 

Hydrogen peroxide 2 ±0.02 

Copper nitrate. . . 2 ±0.02 

(c) Color comparisons. 

(1) Standard series method. — When the proper amount of HNOj (1+9) has been 
found giving the same pH in the sample tube as that in the color standards, make 
up a new sample tube and compare with the standards. Uniform, moderate illumi- 
nation, a minimum of color interference by shadows or surrounding objects, and 
minimum of eye fatigue are necessary for uniform results. A three-compartment box 
comparator can easily be made and is a handy instrument. 

(2) Duplication method.- — Prepare a sample and one standard tube as described 
in (a), except to add no F to the standard tube, and to make it to a volume of ap- 
proximately 48 cc. Titrate into the standard tube a F soln containing 0,02 mg of F 
per cc, until colors of sample and standard match, mixing both tubes by inverting 
5 times after each addition. After taking the final buret reading, add 0.25 cc of F 
soln (0.005 mg F) A distinct color change should be visible. 

Regardless of whether the standard series or the duplication method of com- 
parison la used, the amount of F present in the aliquot taken must not exceed 0.05 
mg. Above 0.05 mg of F the change in color per unit of F is less than below this 
limit. Hence, whenever a sample aliquot is found to contain more than 0.05 mg of 
F, it is absolutely necessary to repeat this determination on another aliquot small 
enough to bring the F content of the tube within the 0.05 mg limit. 
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OXYGEN REQUIRED 
Method I. — Oficial 

27 REAGENTS 

(a) Standard potassium per7nanganate soln . — Dissolve 0.395 g of KMnO< in 1 liter 
of HaO. Each cc has 0.1 mg of 0 available for oxidation. 

(b) Standard oxalic acid soln . — Dissolve 0.788 g of crystallized oxalic acid in 1 
liter of H20. 

Determine the value of the oxalic acid in terms of the permanganate by boiling 
10 cc of the oxalic acid and 200 cc of redistilled H2O {pre[)ared by treating distilled 
HjO with alkaline permanganate and distilling) with 10 cc of H2SOi (1+3) and 
titrating, while still boiling, with the standard permanganate to the appearance of 
a pink color. 

28 DETERMINATION 

Add 10 cc of H2SO4 (1+3) to 200 cc of the sample in a porcelain dish and heat to 
boiling. Add from a buret the standard permanganate until the HiO is distinctly red 
and boil for 10 min., adding more of the standard permanganate from time to time 
to maintain the red color. Add 10 cc of the standard oxalic acid and titrate back 
with the standard permanganate to a pink color. From the total number of cc of 
permanganate used, subtract the number of cc eijuivalcnt to 10 cc of the oxalic acid. 
The result is the number of cc of the permanganate required for 200 cc of the HiO. 
Correct for sulfides, nitrites, and ferrous salts, if ])reseiit, by subtracting the number 
of cc of the standard permanganate absorbed by another 200 cc portion of the 
sample when treated as above, except to make the digestion at room temp, and for 
a period of 3 min. 


Method — Official 

fTo be used when the chloride content of the sample is high.) 

29 REAGENTS 

Sodium hydroxide sofm— Dissolve 50 g of NaOH in H2O, cool, and make to 100 cc. 
The other reagents and solas used are dcscril)ed under 22. 

30 DETEHMIN'A’ITON 

Introduce 100 cc of the HA) to be examined into a 300 cc flask, add 0.5 ccof the 
NaOH soln and 10 cc of the permanganate, boil for 10 min., allow to cool to 50-60°, 
and add 5 cc of H2S0< (1+3) and 10 cc of the standard oxalic aind. A.s soon as the 
liquid has become perfectly colorless, and while constantly agitating, cautiously add 
the standard permanganate from a buret dro])wise, until the liquid acquires a faint 
permanent redness. The permanganate used is the quantity required for decomposi- 
tion of the organic matter in the 100 cc of the sample. 

If 100 cc of the sample requires more than 4 cc of the permanganate for the oxida- 
tion of organic matter, make a second determination, using more of the permanga- 
nate and a correspondingly larger quantity of the NaOH, as undecompoHcd ]>er- 
manganate remaining after boiling must be at least twice as great as the quantity 
decomposed. 
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DISSOLVED OXYGEN^ 

Method I - Official 

(When more than 0.1 mg of nitrite nitrogen per liter is present.) 

31 REAGENTS 

(a) Potassium permangimale soln. — Dissolve 0.32 g of KMiiO< in H2O and dilute 
to I liter. 

(b) Potassium oxalate soln. — Dissolve 20 g of K oxalate in lIjO and dilute to 1 
liter 

(c) Manganous sulfate soln. — Dissolve 480 g of MnS04.4Hi0 in H2O and dilute 
to 1 liter. 

(d) Alkaline potassiwn iodide soln. — Dissolve 500 g of NaOH and 150 g of K1 in 
H2O and dilute to 1 liter. 

(e) Sodium thiosulfate soln.— 0.025 N. Dissolve 6.205 g of chemically pure re- 
crystallized NasSjOa.SHaO in H^O and dilute to 1 liter with freshly boiled and 
cooled H2O. 1 cc =0.2 mg of 0 or 0.1400 cc of 0 at 0° and 760 mm pressure. Inas- 
much as this soln is not permanent it should be standardized occasionally against a 
0.025 N soln of K2Cr207. 

32 COLLECTION OF SAMPLE 

Collect the sample in a narrow-necked glass-stoppered bottle of 250-270 cc ca- 
pacity by means of an apparatus designed to avoid the entrainment or absorption 
of any 0 from the atmosphere. Note the temp. 

33 determination 

Remove the stopper from the bottle and add 0.7 cc of H2S04 and then 1 cc of the 
KMn04 soln. Introduce these and all other reagents by pipet under the surface of 
the liquid. Insert the stopper and mix by inverting the bottle several times. If a 
noticeable excess of IvMn04 is not present after 20 min., again add 1 cc of the per- 
manganate soln; if this is still insufficient, use a stronger permanganate soln. After 
20 min. destroy the excess of permanganate by adding 1 cc of the K oxalate soln, 
re-stopper the bottle at once, and mix its contents. Add 1 cc of the MnS04 soln and 
3 cc of the alkaline KI soln. Allow the precipitate to settle. Add 1 cc of HjSO* and 
mix by shaking. Transfer 200 cc of the contents of the bottle to a flask and titrate 
with the 0,025 N Na2S203, using a few cc of starch indicator, VI, 3(e), toward the 
end of the titration. Do not add the starch soln until the color has become faint 
yellow. Titrate until the blue color disappears. Report the results in mg per liter; 
if desired, report results also as percentage of saturation.® 

34 Method II. —Official 

(When less than 0.1 mg of nitrite nitrogen per liter is present.) 

For reagents and collection of sample, see 31 and 32. Remove the stopper from 
the bottle and proceed as directed under 33, beginning ^‘Add 1 cc of the MnS04 
soln.” 
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LEAD" 

(When present in small quantities.) 

Method T.— Tentative 

(Coloring matter, iron, lead, copper, and zinc present.) 

35 KEAGKXTS 

(a) Ammo 7 iium acetate soln. — Dissolve 200 g of NHi acetate in H2O and dilute to 
500 cc. The soln should be practically colorless, 

(b) Dilute ammonium acetate soln. — -Dilute 50 cc of (a) to 500 cc. 

(c) Standard lead soln.— Add II2S04 in slight excess to a 10% soln of Pb acetate. 
Filter off the PbS04 and wash free from acid with H2O. Dissolve the PbS04 in the 
NH4 acetate soln, (a), dilute to a definite volume, and determine the Pb as PbCrO^ 
by precipitating wuth KjCrO* soln (cf. VI, 37). Dilute the stock soln so that 1 cc 
will contain 0.1 mg of Pb. 

36 REMOVAL OF COLOR 

Acidify 0.5-2 liters of the sample with HCl (1+1) and concentrate in a porcelain 
casserole to a volume of about 75 cc by heating slowdy over an open flame. Add 
sufEcient NHiCl (about 2 g) to hold Mg in soln and assist in the separation of the 
sulfldes. Add about 1 cc of NH4OII in excess and saturate with HjS. Cover the dish, 
allo^v to stand about 2 hours, add more of the NH4OH and H2S, boil a few' minutes, 
let the precipitate settle, filter, and wash the precipitate once with hot H2O. (The 
precipitate w’ill contain all the Fe, Pb, Cu, and Zn, and the coloring matter will be 
in the filtrate.) Place the filter and precipitate in a small porcelain casserole, add 
30 cc of HXOj (1+3) and boil. Filter, wash free from acid, and cool the filtrate 
(soln A). 

37 DETERMINATION 

Add to soln A, under 36, 5 cc of H2SO4 (1+1), evaporate nearly to dryness, and 
heat cautiously until copious fumes of SO3 are given off. Cool, wash down the sides 
with a little H2O, and repeat evaporation and heating. Transfer to a beaker with 
the aid of H2O, add an equal volume of 95% alcohol, and let stand overnight. Filter 
off the PbS04 and wash wuth dilute alcohol, 50% liy volume, until free from Fe. 
Collect the filtrate, which contains Fe, Cu, and Zn, in a 250 cc beaker (soln B). 
Digest the filter containing the PbSOi in a small porcelain casserole with about 40 
cc of the warm XH4 acetate soln, filter, and wash once or twice with the warm dilute 
XH4 acetate soln and twice with H2O. Dilute the filtrate to definite volume. To an 
aliquot portion add freshly prepared H2S w'aterand a few drops of acetic acid (1+1). 
Compare the color obtained with a set of standards made by treating various quan- 
tities of the standard Pb soln with H2S water. 

38 Method //. — Tentative 

(Coloring matter present; iron present to extent of 1 mg or less in quantity of 
sample takeafor analysis; copper and zinc absent.) 

Remove coloring matter as directed under 36, Add to soln A 5 cc of H2SO4 (1 + 1), 
evaporate nearly to dryness, and heat cautiously until copious fumes of SOj are 
given off. Cool, wash down the sides with a little H20, and repeat evaporation and 
heating. Transfer to a beaker with the aid of H2O, add 25-40 cc of the NH4 acetate 
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soln, 3S, heat to boiling, and precipitate the Fe with N 114011. Filter and wash with 
the dilute NHi acetate soln and HaO. Acidify the filtrate slightly with acetic acid 
(l-f-l) and determine Pb colorimetrically in the filtrate by the addition of fresh- 
ly prepared H2S water as directed under 37. 

39 Method III. — Tentative 
(Coloring matter, iron, copper, and zinc absent.) 

Add 5 cc of H2SO4 (1 4-1) to 0.5-2 liters of the sample, evaporate nearly to dry- 
ness, and heat until copious fumes of SOs are given off. Transfer to a beaker with 
the aid of HA add 25-40 cc of the NH4 acetate soln, 35(a), and determine Pb 
colorimetrically by the addition of HjS water as directed under 37. 

40 Method IV . — Tentative 

(Coloring matter absent: iron, lead, copper, and zinc present.) 

Add 5 cc of 112804 (1 4-1) to 0.5-2 liters of the sample, evaporate nearly to dry- 
ness, and heat until copious fumes of SO3 are given off. Filter off the PbSOiand 
proceed as directed under 37. 


C OPPER— T ENT ATI VE 
(When present in small quantities.) 


41 REAGENTS 

(a) Ammonium nitrate soln.— Dissolve 10 g of NH4NO3 in H2O and dilute to 100 

(b) Potamum ferrocyanide soln . — Dissolve 3.5 g of K4Fe(CN)6- SHjO m H2O and 
dilute tn 100 cc. This soln should be freshly prepared. 

(c) Standard copper soln.— Dissolve about 20 g of CUSO4.5H2O in 1120, add 1 c- 
of 112804, and dilute to 500 cc. Determine the Cu in 50 cc of this soln as CuO by pre- 
cipitation with KOII soln. Dilute the stock soln so that 1 cc contains 0.1 mg of Cu. 


42 DETE K M IN ATION 

Boil the moderately acid filtrate (soln B), which contains Fe, Cu, and Zn, to 
remove alcohol; adjust the soln to a volume of about 200 cc; and add 1 g of NH4CI. 
Heat to boiling, saturate with H2S gas, and boil to remove precipitated S. Cover 
beaker, let stand about 2 liours or until supernatant liquid becomes clear, filter, and 
wash theCuS without intermission withH20 containing H2S. Collect ^ratem 
a porcelain casserole (soln C). Dissolve the precipitate of copper sulfide m hot 
(1 4-3). Cool, add a few drops of phenolphthalein indicator, and make the soln 
slightly alkaline with NH4OH added carefully from a dropping bottle. Add 10 cc of 
the NII4NO3 soln, adjust the volume to 100 cc, and boil gently until a test with red 
litmus paper shows the soln to be neutral. Filter the soln to remove any Fe that may 
be present ami adjust the filtrate to a volume of 100 cc. To an aliquot add 3 drops 0 
the K4Fe((':N)6 soln. Compare the color obtained with standards containing 0.1, 0. , 
0.3, 0.4, and 0.5 mg of Cu. Prepare these standards by measuring corresponding 
quantities of the standard Cu sola; adding phenolphthalein indicator, a slight excess 
of NH4OH, and 10 cc of the NH4NOJ; boiling the soln until neutral to red litmus, 
cooling, and adding 3 drops of the K4Fe(CN)3 soln. Make the colorimetric com- 
parison in 100 cc Nessler jars. 
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ZINC— TENTATIVE 

(When present in small quantities.) 

43 EEAGENTS 

(a) Citric acid soln. — Dissolve 50 g of citric acid crystals (C’eHgOT.HjO) in HjO 
and dilute to 100 cc. 

(b) Ammonium thiocyanate soln. — Dissolve 20 g of {NIl 4 )SCN in HgO and dilute 
to 1 liter. 

(c) Standard zinc soln. — Dissolve pure Zn in HGl and dilute so that 1 CC con- 
tains 0.1 mg of Zn. 

(d) Potassium f err ocyanide soln. — Dissolve 3.5 g of K^FcfCNls.SIDO in and 
dilute to 100 cc. 

44 DETERMINATION 

Boil the acid filtrate (soln C) from the copper sulfide precipitation to remove H 2 S, 
cool, neutralize with NH4OH, and add 10 cc of the citric acid soln. Heat to boiling 
and if no Ca citrate separates add small quantities of powdered CaClOg until a pre- 
cipitate of about 1 g of Ca citrate is formed. Pass H 2 S thru the soln until it is cool. 
Let stand several hours, part of the time on a steam bath, until the supernatant 
liquid is clear. 

Filter, wash with the (NH 4 )SCN soln and dissolve the precipitate on the filter 
with hot HCl (1 -|-9). If the filtrate is reddish in color, reprecipitate the Zn as before. 
Dispel turbidity of the filtrate due to colloidal S by boiling. When the filtrate is 
clear and colorless, dilute an aliquot to 45 cc in a 50 cc Nessler jar. Add 5 cc of the 
KiFefCN)* soln, mix quickly, and compare the turbidity with standard Zn solns 
by viewing longitudinally the jars held over a sheet of fine print. Prepare the stand- 
ards by mixing definite volumes of the standard Zn soln, 3 cc of HCl, H 2 O to make 

45 cc, and 5 cc of the K 4 Fe(CN )8 soln. The unknown soln should contain a volume 
of acid equivalent to that in the standards. Do not use Zn borosilicate glassware in 
this determination. 


MINERAL WATER 

45 SPECIFIC GRAVITY— OFFICIAL 

Determine specific gravity at 20/20“ by means of a pycnometer (XIV, 3). 

46 SOLIDS IN SOLUTION OFFICIAL 
Proceed as directed under 7. 

47 IGNITED RESIDUE— OFFICIAL 
Proceed as directed under 9. 

48 NITROGEN IN THE FORM OF FREE AND ALBUMINOID AMMONIA-OFFICIAL 
Proceed as directed under 11 or 13. 

49 NITROGEN IN THE FORM OF NITRITE— OFFICIAL 
Proceed as directed under 15. 

50 NITROGEN IN THE FORM OF NITRATE -OFFICIAL 
Proceed as directed under 17 or 19. 
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51 CHLORIDE— OFFICIAL 

Proceed as directed under 21. 

HYDROGEN SULFIDEii— OFFICIAL 

52 REAGENTS 

(a) Iodine soln. — 0.02 Dissolve 10 g of KI (free from iodic acid) in a liter flask, 
using as little II2O as possible. Add 2.54 g of resublimed I and dissolve by shaking- 
Dilute to the mark with HjO. Standardize against a Na2S203 soln that has been re- 
cently standardized against a K^CrsO? soln. 

(b) Iodine soln. — 0.01 Alix equal volumes of (a) and boiled H2O. Standardize 

against a NaaSzOj soln as directed under (a). 

53 DETERMINATION 

Transfer a quantity of the sample to a graduated vessel by means of a siphon and 
add a few drops of phenolphthalein indicator. If alkaline, add H(d until the pink 
color of the indicator disappears. Add starch indicator, and with careful stirring ti- 
trate with I soln, (a) or (b), until a permanent blue color appears. Correct for the 
quantity of I soln needed to give an equally blue color. From the corrected quantity 
of I soln used, calculate the approximate quantity of H2S present. For accurate de- 
terminations siphon 100-500 cc of the sample, according to the quantity of H2S 
present, into a graduated vessel, keeping the outlet of the siphon below the liquid. 
Add immediately a suflicient quantity of HCl, calculated from the approximate de- 
termination, to make neutral to phenolphthalein indicator. Mix carefully with a 
bent glass rod and without delay add about 0.5 cc less I reagent (a) or (b) than is 
needed to combine with the II2S present. 

Add 5 la; of starch indii'ator, VI, 3fe), and finish the titration with I soln dropwise 
with stirring until <a blue color remains permanently. Correct for the quantity of I 
soln needed to give an equally blue color when the same quantity of starch soln is 
added to an approximately equal volume of boiled H2O. If possible, make several 
determinations atul take an average. Standardize reagent.s (a) and (b) frequently. 

54 FREE CARBON DIOXIDE— TENTATIVE 

If the sample reacts acid to phenolphthalein and alkaline to methyl orange, ti- 
trate 100 <’c with 0.05 .V \a2CO3 (free from bicarbonate) until the soln is neutral to 
phenolphthalein. The number of cc used nnu]fiplie<l by 1.1 gives the mg of free CO2 
in 100 cc. F/xpress the results in mg per liter. 

55 CARBONIC AND BICARBOWIC ACIDS OFFICIAL 

To 100 cc of the sample add a few drops of phenolphthalein, and if a pink color is 
produced titrate with 0.05 V HCl or H2S04, adding a drop every 2-3 seconds until 
the pink color disappears. Multiply the buret reading by the factor 3 to obtain the 
mg of CO3 ion in 100 cc. To the colorless soln from this titration, or to the original 
soln if no color is produced with phenolphthalein, add 1 or 2 drops of methyl orange, 
Continue the titration without refilling the buret, and note the total reading, if CO3 
is absent, multiply the total buret reading by the factor 3.05 to obtain the value of 
HCO3 ion in mg per 100 cc. If CO3 is present, multiply the reading with phcnol- 
phthalein by 2 and subtract from the total reading of the buret. Multiply the dilTer- 
ence by 3.05 to obtain the HOOj ion in mg per 100 cc. Express the results as mg 
per liter. 
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SC SILICA^OFFICIAL 

Make a preliminary examination, using 100-250 ce of the sample, to determine 
the approximate quantity of Ca and Mg present, in order to ascertain the quantity 
of sample to be evaporated for the final analysis. 

Evaporate the quantity sufficient to yield 0. 1-0.6 g of CaO or 0.1-1 g of Mg 2 F 207 
(usually 1-5 liters). Acidify the H 2 O with HCl and evaporate on a steam bath to 
dryness in a Pt dish. (Continue the drying for about an hour. Thoroly moisten the 
residue with 5-10 cc of II Cl. Allow to stand 10-15 min. and add sufficient HjO to 
bring the soluble salts into soln. Heat on a steam bath until soln of the salts is 
effected. Filter to remove most of the SiOj and wash thoroly with hot HjO. Evapo- 
rate the filtrate to dryness and treat the residue with 5 cc of HCl and sufficient H 2 O 
to effect soln of the soluble salts, as before. Heat, filter, and wash thoroly with hot 
H 2 O. Designate the filtrate as .1. Transfer the 2 residues to a Pt crucible, ignite, heat 
over a blast lamp, and weigh. Moisten the contents of the crucible with a few drops 
of H 2 O. Add a few drops of HjSO^ and a few cc of HF and evaporate on a steam 
bath under a hood. Repeat the treatment if all the Si 02 is not volatilized. Dry care- 
fully on a hot plate, ignite, heat over a blast lamp, and weigh. The difference be- 
tween the 2 weights is the weight of the SiOj. Add the weight of the residue to that 
of the total AliOj and FejOa obtained under 57, (If the residue weighs more than 0.5 
mg, BaSO* may be found in it when Ba is present in the H 2 O. If so, make the neces- 
sary correction and add to the weight of the total FejOj and Al^Oj under 57.) 

57 IRON AND ALUMINUM— OFFICIAL 

Concentrate A, under 56, to about 200 cc; while still hot, add NHiOH slowly, 
with constant stirring, until alkaline to methyl orange- Boil, filter, and wash 2 or 3 
times with hot H 2 O. Dissolve the precipitate in hot HCl (l-f*l). Dilute to approxi- 
mately 25 cc, boil, and again precipitate with NHiOH. Filter, wash thoroly with 
hot HjO, dry, ignite, and weigh as AI 2 O 3 and Fe^Oj. (In the presence of HjPOi, the 
weight of this residue must be corrected for the PiOj, equivalent to the HjPO^ found 
under 70, allowance being made for the difference in the volumes of the HiO used 
for these determinations.) Designate the filtrate as B. 

IRON 

58 Colorhnetric Method — OJficial 

(If the quantity of iron is less than 1 mg. Not applicable in the presence of phos- 
phates.) 

Fuse in a Pt crucible the ignited precipitate of Fe 203 and .-VUOa with fused KHS 04 , 
dissolve in H 2 O, and precipitate the Fe and Al with NH 4 OH. Dissolve the precipi- 
tate on the filter paper in HCl and HNO 3 , dilute the soln, add 5% (NIIOSCN soln, 
and compare the color developed with that of calibrated color disks or standards 
containing known quaniitie-s of Fe. 

SO Volumeiric M ethod—OJficial 

Fuse in a Pt crucible the residue of Fe 203 and AljOs with fused KH80<, This fu- 
sion takes but a few minutes and must not be continued beyond the time actually 
needed. When the fusion is completed, set the crucible aside and allow to cool. Add 
H 2 SO 4 (1-1-4) and heat the crucible until the fused mass is dissolved. Evaporate on 
a steam bath as far as possible; then heat gradually until copious fumes of SOs arc 
given off. Dissolve in HjO and allow to stand on the steam bath. Cool, transfer to 
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an Erlenmeyer flask, and make up to such a volume that the soln does not contain 
more than 2,5% of free H2SO4. Pass HjS thru the soln to reduce the Fe and precipi- 
tate any Ft contaminating the residue from the fusion. (Zri may he used instead of 
H2S for reducing the Fe.) Filter, wash, and again pass H2S thru the soln so that all 
the Fe will he reduced. Expel the HjS by boiling, at the same time passing a current 
of COj thru the soln. Test the escaping gas with Pb acetate paper to ascertain the 
complete removal of H2S. Discontinue boiling and let the flask cool without dis- 
continuing the current of CO2. Titrate the reduced Fe with a standard permanga- 
nate soln, 1 cc = 1 mg of Fe, and calculate as Fe. 

60 ALUMINUM— OFFICIAL 

To obtain the weight of AI2O3, in the absence of phosphates, subtract from the 
weight of Fe203 and AI2O3, 57, the Fe, 58 or 59, calculated to Fe203. Calculate to Al. 

61 CALCIUM— OFFICIAL 

(Concentrate B, under 57, to 150-200 cc, and to this soln, containing an equivalent 
of not more than 0.6 g of CaO, or 1 g of Mg2P207, add 1-2 g of oxalic acid and suffi- 
cient HCl (1 + 1) to clear the soln. Heat to boiling and neutralize with NH4OII, 
stirring constantly. Add the NH4OH in slight excess and allow to stand 3 hours in a 
warm place. Filter off the supernatant liquid and wash the precipitate once or twice 
by decantation with 1% NH^ oxalate soln. Dissolve the precipitate in IICl (1+1), 
dilute to 100-200 cc, add a little more oxalic acid, and precipitate as above. After 
allowing to stand 3 hours, filter, wash with the 1% NH4 oxalate soln, dry, ignite, 
heat over a blast lamp, and weigh as CaO and SrO. Subtract from this weight, the 
weight of SrO equivalent to the Sr under 62. The difference is the weight of CaO. 
('alculate to Ca. Designate the combined filtrates and washings as C. 

As a check on the (’aO, evajiorate to dryness the filtrate from the Sr{N03)2 under 
62, beginning with “Filter, and wash with ether -alcohol mixture, etc.’’; dissolve the 
Ca{N03)2 in HjO, precipitate as oxalate, filter, wash, ignite, and weigh as CaO. 

62 STRONTIUM a— TENTATIVE 

Dissolve the oxides under 61 in IINO3 (1+1) and test with the spectroscope for 
Sr. If Sr is present, transfer the liNOa soln to a small Erlenmeyer flask. Evaporate 
nearly to dryness over a low flame and heat in an air bath at 150-160® for 1-2 hours 
after the H2O is evaporated. Break up the dried material with a stirring rod and add 
10-15 ec of a mixture of equal parts of absolute alcohol and ether to dissolve the 
(.'a(N03)2. Cork the flask and allow to stand with frequent shaking for 2 hours or 
longer. Decant the soln thru a 5.5 cm filter, reserving the filtrate. Wash the residue 
several times by decantation with small portions of ether-alcohol soln. Dry the 
residue and the filter paper and wash the filter paper repeatedly with small portions 
of hot II2O, collecting the filtrate in the flask containing the main portion of the 
Sr(NOj)2 residue. Add 1 or 2 drops of HNO3 (l + l), evaporate, dry, pulverize, and 
treat with 10-15 cc of the ether-alcohol mixture. Cork the flask and let stand about 
12 hours with occasional shaking. Filter, and wash with ether-alcohol mixture until 
a few drops of the filtrate evaporated on a watch-glass leave practically no residue. 
Dry the paper and precipitate. Dissolve the Sr(NOs)2 in a few cc of hot HjO. Add a 
few drops of H2SO4 and then a volume of alcohol equal to the volume of the soln 
and allow to stand 12 hours. Filter, ignite, weigh as SrSOi, and calculate to Sr. Test 
spectroscopically for Ca and Ba. If these elements are present, determine the quan- 
tity and make the necessary correction. 
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63 MAGNESIUM— OFFICIAL 

Concentrate C, under 61, to about 200 cc and add 2-3 g of (NHi)jHP04 and 
sufficient IICl (1 -1-1) to clear the soln when all the (NHi)2HP04 is dissolved. When 
cold, make slightly alkaline with NH40H, stirring constantly. Add 1-2 cc excess of 
the XH4OH and allow to stand about 12 hours. Filter off the supernatant liquid 
and wash 3 or 4 times by decantation with a soln of NII^OH (l-j-lO). Dissolve the 
precipitate in HCl (1 -fl), dilute to about 150 cc, add a little (NH4)2HP04, and pre- 
cipitate with NH4OH as before. Allow to stand 6-12 hours, filter, wash free from 
chlorides with NH4OH (l-j-lO), ignite, heat over a blast lamp, and weigh as 
MgjPjO:. Calculate to Mg. 

64 SULFURIC ACID— OFFICIAL 

Make a preliminary examination, using 100-250 cc of the sample, to determine 
the approximate quantity of sulfates. (The alkali salts present can be approximated 
by calculating the quantity of Na necessary to combine with the excess of acids — 
HCl, HjSOi, and HiCOr— over the Ca and Mg. 

Take a quantity (usually 1-5 liters) sufficient to yield not more than 1 g of BaSOi 
and not more than 0.5 g of mixed chlorides. Acidify with HCl (1 -j-l), evaporate to 
dryness in a Pt dish, and remove SiOa by 2 evaporations as directed under 56, using 
not more than 2 cc of HCl for the final soln. Combine the filtrate and washings from 
the SiOj determinations and concentrate to about 150-200 cc. Beat to boiling and 
precipitate with a slight excess of 10% BaCC soln, added very slowly and with 
constant stirring. Cover, and allow to stand on a steam bath about 12 hours. Filter, 
thoroly wash the precipitate of BaS04 with hot H2O, dry, ignite over a Bunsen 
burner, and weigh. 

If the content of sulfate in the sample is unusually large, proceed as far as the 
concentration of the SiOi filtrates, as directed above. /Vdd 50 cc of HCl, heat to 
boiling, and precipitate with BaClj soln as before. Evaporate to dryness, wash the 
precipitate repeatedly by decantation, and filter. Complete the washing of the pre- 
cipitate, ignite, and weigh. Calculate to the SO4 ion. Designate the filtrate as E, 

SODIUM, POTASSIUM, AND LITHIUM 

Ether Alcohol M ethoil'^^ - - Official 

65 ?REPAR.\TION OF THE MIXED CHLORIDES 

Evaporate to dryness E, under 64, in a Pt dish arid ignite the residue to faint red- 
ness to remove all traces of NH4 .salts. Dissolve the residue in the dish in about 200 
cc of H2O and precipitate with milk of lime or a saturated soln of Bu(OH)2. Boil, 
allow to .stand for 30 min., and filter off the insoluble Mg(OH)j and undissolved 
lime. Thoroly wash the precipitate with hot BjO and combine the filtrate and wash- 
ings. If the precipitate of Mg is large, dissolve it in a stnail quantity of BCi, evapo- 
rate to dryness, take up with HjO, and jirecipilate as before. Coimentrate the 2 
filtrates and washings to 200-250 cc. Add N ICO 11 and sufficient solid NB4 car- 
bonate to precipitate the Ca and Ba. Allow to stand on a steam bath for 1-2 hours. 
Filter off the supernatant liquid, dissolve the precipitate in UCl, rcprecipitate as 
above, and wash thoroly with hot BjO. Evaporate the combined filtrates and wash- 
ings to dryness and drive off the NH4 salts by gentle heat. Treat the residue with 
HjO, pass thru a small filter, using as little wash BjO as possible, evaporate to a 
small volume, and again precipitate with 1 or 2 drops of NH4OH and 2 or 3 drops 
of saturated solna of NH4 carbonate and NH4 oxalate. If any precipitate appears, 
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filter and repeat the process. Evaporate the filtrate to dryness and drive off all NH* 
salts by heating to faint redness in a Ft dish. Treat the residue with a little H2O, 
filter into a small Ft dish, add a few drops of HCl (1 + 1), and evaporate to dryness. 
Dry in an oven, heat to faint redness, cool in a desiccator, and weigh the combined 
chlorides of K, Xa, and Li, Repeat the heating to constant weight (x). Dissolve the 
mixed chlorides in hot H2O, filter, and wash. Return the filter paper and residue to 
the dish, dry, ignite, and weigh (y). The difference between {x) and {y) is the weight 
of the mixed chlorides. 

(56 DETERMINATION 

Dissolve the mixed chlorides, obtained as directed under 65, in a minimum quan- 
tity of cold H2O (about 1.5 cc will be more than sufficient for 0.5 g of the salts), intro- 
ducing the soln into a tali 200 cc beaker. Add 1 drop of HCl, and then add gradually 
20 cc of absolute alcohol, dropping the alcohol into the center of the beaker (not on 
the sides) while rotating the soln. (The NaCl and KCl should be precipitated in a 
perfectly uniform granular condition.) In a similar manner, add 60 cc of ether (sp. 
gr. 0,716-0.717 at 25°) and allow the mixture to stand about 5 min. or until the pre- 
cipitate is well agglomerated and the supernatant liquid almost clear, rotating the 
mixture occasionally during thi.s period. Filter thru a weighed Gooch crucible into 
an Erlenmeyer flask by means of suction, using a bell jar arrangement, washing the 
beaker thoroly with a mixture of 1 part alcohol and 5 parts ether, and collecting all 
the precipitate on the Gooch with the aid of a rubber-tipped rod. After thoroly 
washing the precipitate on the Gooch, set the latter aside and rinse the funnel with 
alcohol-ether mixture to wash any adhering T>i soln into the flask containing the 
filtrate. Evaporate the filtrate to dryness on a steam bath, using an air blast. Treat 
the residue with 10 cc of absolute alcohol, warming if necessary, so that practically 
all the residue dissolves. If a slight film remains on the bottom and sides of the flask, 
remove it with a rubber-tipped rod. Then, while rotating the soln in the flask, add 
50 cc of ether (sp. gr. 0.716-0.717 at 25°), followed by 1 drop of HCl. Allow to stand 
for 30 min., rotating the soln at frequent intervals. When the fine precipitate has 
agglomerated (only a very small quantity is usually precipitated), filter into a tall 
beaker by means of suction thru the Gooch crucible containing the first precipitate. 
Wash the coml)incd precipitates with the ether-alcohol mixture, taking the same 
precautions as in the first precipitation. Dry the Gooch and its contents in an oven, 
ignite gently, cool, and weigh to obtain the combined weight of NaCl and KCl. 
Reserve crucible and contents for the determination of K. 

Evaporate on a steam bath the ether-alcohol filtrate and washings containing the 
Li. Dissolve the residue in a little H2O, add a slight excess of H2S04 (1+1), and 
transfer to a weighed porcelain or Ft dish. Evaporate as far as possible on a steam 
bath and then gently ignite the residue over a flame. (By placing the dish on a tri- 
angle over an asbestos gauze and using a low flame, the soln can be evaporated 
without spattering.) Finally ignite carefully over a full flame, cool, and weigh. If 
charring has occurred, repeat the ignition with H2SO4. Calculate to Li, using the 
factor 0.1263. 

Remove the KCl and NaCl from the Gooch crucible by washing with 25-50 cc of 
hot H2O, using suction, and collecting the filtrate in a porcelain dish. Add sufficient 
Ft soln, II, 42 (b) , to convert the KCl and NaCl to K2PtCl6 and NaaPtCIe and evapo- 
rate to dryness. Treat the residue with 80 %*alcohoI by volume, filter, and wash until 
the excess of FtCL and NajPtCU has been removed. Dry the filter and precipitate, 
dissolve the residue in hot H2O, and transfer to a weighed Ft dish. Evaporate on a 
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steam bath, dry for 30 min, in an oven at 100®, cool, and weigh as KjPtCU. Cal- 
culate to KCl, using the factor 0.3067, and to K, using the factor 0.1609. 

Determine the weight of NaCl by subtracting the weight of KCl from the weight 
of combined KCl and NaCL Calculate to Na, using the factor 0.3934. 

BAHIUM 

It is not necessary to look for barium if sulfate is present in an appreciable quan- 
tity unless the H3O contains a large quantity of bicarbonate or chloride, which may 
hold in soln a small quantity of both sulfate and barium. 

Gravimetric Method^^—OJficial 

67 REAGENTS 

(a) .-Im/rtorjtum dichromate soln. — Dissolve 100 g of the salt free from SO< in HjO 
and dilute to 1 liter, 

(b) acetate soln . — Dissolve 300 g of the salt in H2O, neutralize with 
NH40H, and dilute to I liter. 

(c) Dilute ammonium acetate soln. — Dilute 20 ce of (b) to 1 liter. 

Reaction of acetate solns should be alkaline rather than acid. 

68 DETERMINATION 

Acidify a 1-5 liter portion of the sample with HCl and concentrate to about 200 
cc. (If a precipitate forms, filter it off and examine for Ba.) .\dd about 0.5 g of N H iCl 
and precipitate the Fe and Al with XH^OH. Boil, filler, and wash. To the filtrate 
add an excess of the NIK acetate soln, 10 cc, keeping the total volume about 200 cc. 
Heat to boiling and add, with stirring, about 5 cc of the NIK dichromate soln. Allow 
to settle and cool. Decant the clear liquid thru a filter and wash the precipitate by 
decantation with the dilute NH* acetate soln until the filtrate is no longer per- 
ceptibly colored (100 cc of wash soln)- Place the beaker under the funnel, dissolve 
the precipitate on the paper with warm HXO3 (1 -|- 1), using as little as possible, and 
wash the paper. Add a little more acid to dissolve the precipitate in the beaker, then 
XHiOH until the precipitate which forms no longer redissolves. Heat to boiling; add 
with stirring, 10 cc of the NH^ acetate soln and 2 cc of the X'Hi dichromute sobi; 
allow to cool slowly and wash the precipitate by decantation with the dilute NHi 
acetate soln. Dry the BaCrOi, burn the filter separately, ignite moderately to con- 
stant weight, and weigh as BaCTOi. Record as Ba, using the factor 0.54217. 

69 Volumetric Method — Oj^icial 

Proceed as directed under 68 thru “wash the precipitate by decantation with the 
dilute Nil 4 acetate soln" (after the second precipitation). Then proceed as follows: 

Dissolve the precipitate in about 10 cc of HCI (l + i) and hot HjO. Wash the 
filter, dilute the soln to about 400 cc, and arid about 50 cc of a freshly prepared 10% 
soln of KI. Mix carefully and titrate the liberated I after 3 or 4 min. with 0. 1 .V 
Na^SjO, soln. 1 cc of O.l .V NasSjOj =4.570 mg of Ba. 

70 PHOSPHORIC ACID -OFFICIAL 

Treat 500 cc of the sample, or a larger quantity if necessary, with about 10 cc of 
HNO|, and evaporate in a porcelain dish nearly to dryness to drive off IK'l. Treat 
the residue with HjO and filter if necessary. Add NH40H to alkalinity and then 
just enough HNO» to restore acidity. Add some solid NH4NO8 and heat in a water 
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bath at a temp, of 45-50'’. Add molybdate soln, II, 10(a), and keep at the above 
temp, for 30 min. If more than a trace of the yellow precipitate is present, filter and 
wash with recently boiled and cooled H2O until entirely free from nitric and molybdic 
acids. Transfer the precipitate and filter to a beaker, add a little H2O, and beat the 
paper and contents to a pulp. Dissolve the yellow precipitate in a small quantity of 
standard KOH, II, 10(b), add phenolphthalein indicator, II, 10(d), and titrate 
with the standard acid. From the data so obtained calculate the PO4 ion to mg per 
liter. 

71 PREPARATION OF SAMPLE— MANGANESE, IODINE, BROMINE, ARSENIC, AND 

BORIC ACID 

Evaporate 0.5*'2 liters of the sample to dryness after the addition of small quanti- 
ties of solid NagCOa. Boil the residue thus obtained with Il20, transfer to a filter, 
and wash thoroly with hot H2O. Use the residue remaining on the filter for the deter- 
mination of Mn. Dilute the alkaline filtrate to a definite volume and use for the 
determination of I, Br, As, and H3BO3. 

MANGANESE 

I. Persulfate Method — Official 

72 REAGENTS 

(a) Silver nitrate soln.— Dissolve 2 g of AgNOa in H2O and dilute to 1 liter. 

(b) Standard manganous sulfate soln.— Dissolve 0.2877 g of pure KMn04in about 
100 cc of II2O, acidify the soln with H2SO4 (1+1), and slowly heat to boiling. Add 
slowly a sufficient quantity of a 10% oxalic acid soln to discharge the color. Cool, 
and dilute to 1 liter. 1 cc of thi.s soln = 0.1 mg of Mii. 

73 DETERMINATION 

Dissolve the insoluble residue, 71, in an excess of HNO3 (1 +1), evaporate to dry- 
ness, treat with H2O, and add about 1 cc of IINOj and a little of the AgNOj soln. 
If a precipitate of AgCl appears, add more of the AgNOa until all the Cl is precipi- 
tated. Add an excess of about 10 cc of the AgNOj soln for each mg of Mn present 
in the sample. Filter, add 1 g of NH4 persulfate to the filtrate, and place the beaker 
or flask containing the soln on a steam bath until a pink color develops (usually 
about 20 min.). Compare the color developed with standards similarly prepared by 
treating sol ns containing known quantities of the standard MnS04 with the dilute 
HNO3, AgNOj soln, and NIU persulfate. 

II. Bismuthate Method'^^— Official 

74 REAGENTS 

(a) Nitric acid.— (1 +4). Free from brown oxide of N by aeration. 

(b) Dilute sulfuric acid— Dilute 25 cc of H^SO* to 1 liter with H2O. Add enough 
KMn04 solii to color the dilute acid faintly. 

(c) Standard mangarious sulfate soln.— Prepare as directed under 72(b). A soln of 
KMnOi may be used in place of the MnSOi soln. To prepare it dissolve 0.2877 g of 
KMnOi in HjO and dilute to 1 liter. 

75 determination 

Remove Cl by 2 or more evaporations with H2SO4 (1 + 1) from a quantity of the 
sample that contains 1 mg or less of Mn. The residue obtained under 71 may be used 
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in place of a fresh sample by dissolving it in an excess of HNO3 (14*4), adding the 
dilute H2S03, and removing Cl by 2 or more evaporations. In either case, volatilize 
the HjSOi and ignite the residue at a low heat (less than 500®). Dissolve in 40 cc of 
HNOi (14-3), add about 0.5 g of the Na bismuthate, and heat until the permanga- 
nate color disappears. Add a few drops of a suln of NH^ or Na bisulfite to clear the 
aoln and again boil to expel oxides of N. Remove from the source of heat, cool to 
20®, again add 0.5 g of the Na bismuthate, and stir. When the maximum permanga- 
nate color has developed, filter thru an alunduin or Gooch crucible containing an 
asbestos mat that has been ignited, treated ^^ ith a 4% soln of KMnOi, and washed 
with H2O, Wash the precipitate with IRHOi (I +9) until the washings are colorless. 
Transfer the filtrate to a colorimeter tube. Compare the color developed wdth stand- 
ards similarly prepared by treating solns containing known qiianlilies of the stand- 
ard MnS04 with the dilute HNO3, NH4 or Na bisulfite soln, and Na bismuthate. 
The color may also be compared with that of standards prepared from the KMn04 
soln by diluting portions of 0.2, 0.4, 0.0 cc, etc,, of the permanganate soln with the 
dilute H3S04 to the same volume as the filtrate. 

IODIDE AND BROMIDE— TENTATIVE 

(This method is cpialitative and approximately quantitative. For accurate quan- 
titative methods for iodides and bromides, see 102, 105, 109, and 112.) 

76 KEAGEN'l’S 

(a) Sodium hydroxide soln . — Dissolve 10 g of NaOII in IDO, cool, and dilute to 
100 cc. 

(b) Sodium nitrite soln . — Dissolve 2 g of NaNOo in IIl> 0 and dilute to 1 liter. 

77 DHTEHMIN'ATION 

Evaporate to dryness an aliquot of the alkaline filtrate, 71; add 2 3 cc of 1120 
to dissolve the residue and enough 95% alcohol to make the percentage of alcohol 
about 90. (This precipitates the chlorides.) Heat to boiling, filter, and repeat the 
preceding soln and precipitation once or twice. Adtl 2 or 3 drops of the NaOll soln 
to the combined alcoholic filtrates and evaporate to dryness. Dissolve this last resi- 
due in 2-3 cc of and repeat the precipitation with alcohol, heating, and filtering. 
Add a drop of the NaOH to this alcoholic filtrate and evaporate to dryness. Dissolve 
this residue in a little H2O; acidify with IRSO., ( 1 4*5), using 3 or 4 drops in excess; 
and transfer to a small flask. .\dd 4 drops of the NaNOa soln and about 5 cc of 
GSj, Shake until all the I is extracted and filter off the acid soln from the C'Si. Wash 
the flask, filter and contents with cold IDO and transfer the ('S. containing the I 
in soln to a Nessler tube, vising approximately 5 ccoft'Sj. In washing the filter, 
make the contents of the tube up to definite volume, usually 12 15 cc, and compare 
the color with that of other tubes containing known rpiantities of I dissolvevl in (.’82. 
Prepare these standard tubes by treating measvired fpiantitics of a soln of known 
KI content as described above, beginning with “acidify with IDBt)* (1-4-5).” 

Transfer separately the acid soln of the sample and the standards from which the 
I has been removed to small flasks. To the standards a<ld definite measured quanti- 
ties of a bromide soln of known strength, and to each of the flasks containing sample 
and standards a<ld 5 cc of (.IS2, Add saturated and freshly prc]>ared (d water, 
1 cc at a time, shaking after each addition until all the Hr i.s set free. Avoid a largj 
excess of the (-1, as a bromo-chloride may form and spoil the color reaction. Filter 
off the HjO soln from the (JS2 thru a moistened filter, wash the contents of the filter 
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2 or 3 times with HjO, and then transfer to a Nessler tube by means of about 1 cc 
of CSj. Repeat this extraction of the filtrate twice, using 3 cc of CSj each time. The 
combined CS2 extracts usually amount to 11.5-12 cc. Add enough CSj to the tubes 
to bring them to a definite volume, usually 12-15 cc, and compare the sample with 
the standards. If, when using this method near its upper limit, the quantities of CSj 
recommended do not extract all the Rr, make one or two extra extractions with CS2; 
transfer the extracts to another tube; and compare the color with some of the lower 
standards. Add the readings thus obtained to the others. 

Results closely approximating the true values for I and Br can be obtained in a 
shorter time on most samples by omitting the extractions with alcohol and com- 
paring the color of the CS2 solns directly in the extraction flasks. 

ARSENIC— OFFICIAL 

78 REAGENTS AND APPARATUS 

The reagents, solns, and ai>paraiu3 used are described under XXIX, 1 and 2. 

79 DETERMINATION 

Take a portion of the alkaline filtrate, 71, that contains not more than 0.03 mg 
of AS2O3. If the quantity taken is greater than 10 cc, evaporate the soln to about 
that volume on a steam bath. Transfer the soln into the generator of the apparatus 
described under XXIX, with the aid of about 10 cc of H2O, add 20 cc of H2SO4 
(1+2), and proceed as directed under XXIX, 4, beginning with “add 5 cc of the 
KI reagent.” 

80 BORIC ACID— OFFICIAL 

(Glassware (aiiitainiiig boron must not be used in this determination.) 

Qualitative teal . — Evaporate to dryness a part of the alkaline filtrate under 71, 
treat with 1-2 cc of IhG, and slightly acidify with HCl (1+1). Add about 25 cc of 
95% alcohol, boil, filter, and rci'.eat the extraction of the residue. Make the filtrate 
slightly alkaline with XaOH soln and evaporate to dryness. Add a little H2O, 
slightly acidify with the dilute H('l, and place a strip of turmeric paper in the liquid. 
Evaporate to dryness on a steam bath and continue the heating until the turmeric 
paper is drj-. If H3BO3 is present, the turmeric paper takes on a cherry-red color. 
As a confirmatory test, apply a drop of XH40H (1+1) to the reddened paper. 
A dark olive color will be due to boric acid (cf. XXXII, 16). 

Quantitative method . — if necessar}" to determine II3BO3 quantitatively, use the 
Gooch method.^* 

81 METHOD OF REPORTING RESULTS IN WATERS AND BRINE^-^TENTATIVE 

Report radicals and anhydrous salts in terms of mg per liter or, in the case of 
highly concentrated waters, in terms of g per liter. For the benefit of physicians, in 
the case of medicinal waters, i'0|iort also the salts in terms of grains per quart, using 
the factor 0.014000 to convert ing per liter to grains per quart. In reporting salts in 
terras of grains per quart, convert the salts that have water of crystallization to the 
hydrated form as cxpi cssed in the U. S. Pharmacopoeia and in the National Formu- 
lary, and convert the Mg(IICOj)2 to MgCOs and iMUCOsh to CaCOj. Use the 
following factors in these calculations: 
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Na,SOiX2.2682 = Na8S04 . lOHjO. 

MgS04 X2.0476 = MgSO* . THiO. 
CaS04Xl.2647=>CaS0«.2Hi0. 

Mg(HCOj)sX0.5762 = MgCO 3 . 

Ca(HCO3),X0.C174 = CaCO,. 

When a complete analysis is made report the error of analysis and state how it is 
distributed. Report only significant figures. 

Report Fe and Al together when present in unimportant quantities and in cal- 
culations consider them as Fe. When Fe and Al are present in larger quantities, 
make the separation and report each separately. 

In calculating the hypothetical combinations of acid and basic ions, join NOi, 
NOa, BO 2 , and ABO 4 to Na; I and Br to IC; and POi to Ca. Assign the residual basic 
ions in the following order: NHi, Li, K, Na, Mg, Ca, Sr, Mn, Fe, and Al, to the re- 
sidual acid ions in the following order: Cl, SO 4 , COs, and HCO 5 . In case HCOj is not 
present in a sufficient quantity to join with all the (.a, the residual Ca is joined to 
SiOj to form CaSiOj, and Mn, Fe, and Al are calculated to the oxides Mnj 04 , FejOi, 
and AljOi, respectively. 

Use equivalent combining weights or their reciprocals in uniting the radicals, and 
when necessary for the purpose of comparison, in reducing salts to radicals and re- 
uniting the radicals in the order specified above. 

The equivalent combining weight of a radical is obtained by dividing its weight 
by its valence. The equivalent combining weight of a salt is obtained by dividing 
its molecular weight by the product of the valency of the basic element and the 
number of atoms of the basic element in the salt. 

The procedure in calculating the hypothetical comlii nations by the use of the 
equivalent combining weights and their reciprocals is as follows: 

Multiply the weights obtained, expre3se<l in rng per liter, or, in the case of highly 
concentrated waters, in g per liter, for each radical to be combined, by the corre- 
sponding reciprocal of the equivalent comijining weights. If the Na and K are to be 
determined by calculation, a.s is frequently the case, subtract the sum of the values 
obtained (reacting values) for the basic radicals from the sum of the reacting values 
for the acid radicals. The difference represents the reacting value of the undeter- 
mined Na and K. W hen all the constituents in the H^O have been determined the 
sums of the reacting values of the acid and of the basic radicals should be very nearly 
the same. In this case, if the difference is reasonable and well within the limit of ac- 
curacy of the methods used, it may be distributed equally among all the radicals 
determined, or among those that the analyst believes to be less accurate than the 
others. If the difference is unreasonably great, repeat the analy.sis in whole or in 
part. The sums of the reacting values of the acid and basic radicals must be equal 
before proceeding with the calculation. Obtain the reacting values of the salts by 
subtracting in succession the reacting values of the radicals In the specified order. 
To convert these values to mg per liter of the respective salts multiply each of them 
by the equivalent combining weight of the respective salt. 
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82 Equivalent Combining Weights and Their Reciprocals Based on 

International Atomic Weights, 1935 


NEOATlVi: 

BADICALa 

EQUIVALENT 

COMBIKINQ 

WEIGHTS 

RECIPROCALS 

or 

EQUIVALENT 

COMBINING 

WEIGHTS 

POSITIVE 

RADICALS 

EQUIVALENT 

COMBINING 

WEIGHTS 

RECIPROCALS 

OP 

EQUIVALENT 

COMBINING 

WKIOHTB 

NO* 

62.008 

0.01613 

NH, 

18.0392 

0.05543 

BO2 

42.82 

0.02335 

Li 

6.940 

0.14409 

As 04 

46.30 

0,02160 

K 

39.096 

0.02558 

I 

126.92 

0.00788 

Na 

22.997 

0.04348 

Br 

79.916 

0.01251 

Mg 

12.16 

0.08224 

PO 4 

31.673 

0.03157 

Ca 

20.04 

0.04990 

IIS 

33.0678 

0.03024 

Sr 

43.815 

0.02282 

S 

16.03 

0.06238 

Ba 

68.68 

0.01456 

iSiOa 

38.03 

0.02630 

Mn 

27.465 

0.03641 

0 

8.0000 

0.12500 

Fell 

27.92 

0.03582 

Cl 

35.457 

0.02820 

Fe“i 

18.613 

0.05372 

SO4 

48.03 

0.02082 

Al 

8.99 

0.11123 

CO 3 

30.000 

0.03333 

Cu 

31.785 

0.03146 

HCO 3 

61.0078 

0.01639 






RECIPHOCAM 



RECIPROCALS 


EQUIVALENT 

OF 


EQUIVALENT 

OP 

SALTS 

COMBINING 

EQUIVALENT 

SALTS 

COMBINING 

EQUIVALENT 


WEIGHTS 

COMBINING 


WEIGHTS 

COMBINING 



WEIGHTS 



WEIGHTS 

NH 4 CI 

53.4962 

0.01869 

MgSOi 

60.19 

0.01661 

hid 

42.397 

0.02359 

MgCOs 

42.16 

0.02372 

Li2S04 

54.970 

0,01819 

Mg(HC03)2 

73.1678 

0.01367 

Li 2 C 03 . 

36 . 940 

0.02707 

Mg(N03)2 ! 

74.168 

0.01348 

LiHCOj 

67.9478 

0.01472 

CaCl2 

55.497 

0.01802 

KCl 

' 74.553 

0.01341 

CaS04 

68.07 

0.01469 

KjSOa 

87 . 126 

0.01148 

CaCOs 

50.04 

0.01998 

K 1 CO 3 

69.096 

0.01447 

Ca(HC03)2 

81.0478 

0.01234 

KHCOj 

100.1038 

0.00900 

CaSiO,, 

58.07 

0.01722 

KI 

166,016 

0.00602 

Ca3(P04)2 

51.713 

0,01934 

KBr 

119.012 

0.00840 

SrSO^ 

91 .845 

0.01089 

NaCl 

58.454 

0.01711 

SrCO, 

73.815 

0.01355 

NaBr 

102.913 

0.00972 

Sr(HCOs )2 

104.8228 

0.00954 

Nal 

149.917 

0.00667 

BaS04 

116.71 

0.00857 

Na2S04 

71.027 

0.01108 

Ba(HC03)s 

129.6878 

0.00771 

NaiCO, 

52.997 

0.01887 

iMnSOi 

75.495 

0.01324 

NaHCOs 

84.004S 

0.01190 

MnCOj 

57.465 

0.01740 

XaNOj 

69.005 

0.01440 

Mn(HC 03)3 

88.4728 

0.01130 

NaNOs 

85.005 

0.01176 

FeS04 

75.95 

0.01317 

NaBOi 

65 .817 

0.01519 


66.643 

0.01500 

NejAsOa 

69.300 

0.01443 

FeCOa 

57.92 

0.01726 

NaF 

41.997 

0.02381 

Fe(HC()3)2 

88.9278 

0.01124 

NaHS 

56.0648 

0.01784 

Fe20s 

26.613 

0.03758 

NajP04 

54.670 

0.01829 

Al2{S04)3 

57.02 

0.01754 

NajS 

39.027 

0.02562 

AI2O3 

16.99 

0.05886 

NajSiOj 

61.027 

0.01639 




MgCU 

47.617 

0.02100 
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INDUSTRIAL WATER 

83 SOLIDS IN SOLUTION— OFFICIAL 
Proceed as directed under 7. 

84 CHLORIDE— OFFICIAL 
Proceed as directed under 21. 

85 CARBONIC AND BICARBONIC ACIDS— OFFICIAL 
Proceed as directed under 55. 

86 NITRATES— OFFICIAL 
Proceed as directed under 17 or 19. 

87 SILICA— OFFICIAL 

Proceed as directed under 56. Generally one evaporation with for removal 
of SiOi is sufficient. 

88 IRON AND ALUMINUM— OFFICIAL 
Proceed as directed under 57. 

89 CALCIUM— OFFICIAL 

If no HsPO^ is present; concentrate the filtrate from the determination of Fc and 
precipitate with XH4OH and oxalic acid as directed under 61. (Usually one pre- 
cipitation is sufficient.) 

90 MAGNESIUM-OFFICIAL 
Proceed as directed under 63. 

91 SULFURIC ACID AND ALKALIES— OFFICIAL 

Proceed as directed under 64 and 66. For technical purposes sufficient accuracy 
is obtained by determining the acids and tlie bases, except Xa and K, and then cal- 
culating the excess of acid over basic ions to the Xa salt, stating the alkali thus found 
as Xa and K by difference. 

92 TEMPORARY HARDNESS— OFFICIAL 

The difference between the alkalinity after boiling, 94, and the alkalinity before 
boiling, 93, is the temporary hardness in parts per million of 

ALKALINITY*^ 

93 /. Before Boiling — Official 

Measure 100 cc of the sample into a 250 cc white glass-stoppered bottle; add 2.5 
cc of erythrosine ^0-1 g of the Xa salt in 1 liter of HjO), 5 cc of CIIGI) (neutral to 
erythrosinc), and 0.02 .V 112^04 in small quantities, shaking the bottle vigorously 
after each addition of the acid. The rose color gradually disappears and is finally 
discharged by 1 or 2 drops of the acid. A white paper held back of the bottle facili- 
tates the detection of the end point. Multiply the number of cc of 0.02 N HjSOi 
used by 10 to obtain the number of p.p.ra, of alkalinity in terms of GaGO^. 

94 II, After Boiling — Official 

Boil 100 cc of the sample in a porcelain dish gently for 30 min. Cool, transfer to a 
100 cc volumetric flask, and fill to the mark with recently boiled and cooled HjO. 
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Filter thru a dry paper and determine the alkalinity of the filtrate as directed under 
93, making the proper calculation for the aliquot used and calculating in terms of 
CaCOa the parts per million of alkalinity after boiling. 

95 TOTAL HARD NESS ‘^^OFFICIAL 

Add sufficient 0.05 A' H2SO4 to 200 cc of the sample contained in a 500 cc Pyrex 
or similar glass Erlenmeyer flask to neutralize the alkalinity, the quantity required 
being calculated from the results obtained as directed under 93. Measure 200 cc of 
H2O into a similar flask. Treat the contents of each flask in the following manner: 
Boil 15 min. to expel free C^Oa, add 25 cc of soda reagent (0.1 N, equal parts of 
NaOH and Na2C03), boil 10 min., cool, rinse into 200 cc volumetric flasks, and 
dilute to 200 cc with boiled HjO. Filter, rejecting the first 50 cc, and titrate 50 cc 
of each filtrate with the 0.05 N H2SO4 in the presence of methyl orange or erythro- 
sine indicator. The total hardness in p.p.m. of CaCOj is equal to 50 times the differ- 
ence between the cc of 0,05 N 112^^04 used iu titrating the aliquot of the blank and 
the aliquot of the sample. 

96 PERMANENT OR NON-CARBONATE HARDNESS— OFFICIAL 

The difference between the alkalinity before boiling, 93, and the total hardness, 
95, is the permanent or non-carbonate hardness expressed as p.p.m. of CaCOj. 

IRRIGATING WATER 

97 GENERAL METHODS -OFFICIAL 

Determine the solids in soln, CT, CO3 and HCO3, Ca, Mg, and H2SO4 as directed 
under 7, 21, 55, 61, 63, and 64, respectively. To make the hypothetical combination, 
calculate Ca and Mg to the acid ions in the following order; HCO3, SO 4, and CT. 
Then calculate the remaining acid ions, including CO3, to the corresponding salts 
of Na. 

BLACK ALKALIit-OFFICIAL 


98 REAGENTS 

(a) Sodium carbonate. — 0.02 N. 1 cc = 0.00100 g of Na2C03. 

(b) Carbon diozide-free wa^cr.— Boil H2O vigorously until approximately one- 
third of the original volume is evaporated, cool, and stopper. 

99 DETERMIN.^TION 

Transfer 200 cc of the sample to a Pt or Ag dish; add 50-100 cc of the Na2C03 
soln, according to the quantit}'^ of soluble salts of Ca and Mg present; and evaporate 
to dryness. Rub up the residue with C02-free H2O and transfer to a 100 cc volu- 
metric flask. (An ordinary laboratory wash bottle should not be used to transfer the 
residue, as the C()2 from the breath of the operator will vitiate the results.) Dilute 
to the mark, shake thoroly, and allow to stand until clear (12-15 hours). Remove 
50 cc of the clear supernatant Inpiid, equivalent to half of the original quantity of 
sample and NajCOs aikled, and transfer to a 250 cc glass-stoppered flask or a 
stoppered titration bottle of clear glass, without any tinge of pink. Add 5 cc of 
CHCI3, neutral to erythrosine, and 1 cc of crythrosine indicator (0.1 g of the Na 
salt in 1 liter of \u6) and titrate with 0.02 N H2SO4 until the color disappears. 
Shake the soln vigorously after each addition of the acid. The milky appearance 
produced by the CHCl, makes the reading of the end point sharp and certain. 
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(1) If less H2SO4 is required than is equivalent to half of the NajCOs added, due to 
some of the NazCOj reacting with soluble salts of Ca and Mg, the soln originally 
contained no black alkali in excess, but rather an excess of the so-called permanent 
or non-carbonate hardness. Express the hardness in terms of CaCOj or CaS04. With 
irrigating waters the latter form is better. The difference between the number of cc 
of the II2SO4 required and half the number of cc of the Na2C03 added Xthe factor 
0.00136 = the equivalent of CaS04 in 100 cc of the sample. 

(2) If more H2SO4 is required than that equivalent to half of the NazCOs added, 
black alkali was originally present in the soln, and the difference in ccXthe factor 
0.00106 = the black alkali in terms of Na2C03 in 100 cc of sample. 

BRINE 

IODIDE IN THE PRESENCE OF CHLORIDE AND BROMIDE 

Method /.“* — Tentative 

100 REAGENTS 

(a) Sodium hydroxide-sodium carbonate soln, — Dissolve 50 g of a mixture of equal 
weights of NaOH and Na^COj in H^O and dilute to 1 liter. 

(b) Sodium hydroxide soln. — Dissolve 4 g of NaOH in H2O and dilute to 100 cc. 

(c) Potassium permanganate soln. — Di.ssolve 50 g of KMn04 in H2O and dilute to 
1 liter. 

(d) Sodium thiosulfate soln. — 0.05 -V. Dissolve 12.4 g of recrystallized Na2S20j. 
SHjO in H20 and dilute to 1 liter. 

101 REACTIONS 

KI+2 KMn04 + H20 = KI03+2 Mn02+2 KOH. 

KlOj-hS Kl-h6 HCI-6 KCl-l-3 HjO+3 I2. 

3 Is +6 NaiS20s=6 Nal-h3 Na2S406. 

102 determix.\tion 

Take a quantity of the brine that contains not more than 0. L g of I nor more than 
10 g of total salts, .\diu3t the volume to 100-150 cc, and add a sufficient quantity of 
Reagent (a) to precijutate the Ca and Mg. Boil, filter off the j>recipitate of C a and 
Mg, and wash with hot HjO. Introduce the filtrate into an Erlenmeyer flask, adjust 
the volume to about 100 cc, neutralize with HiS04 (1+9), and add 1 cc of the NaOH 
soln. Heat to boiling; add an excess of about 0.5 cc of the KMn04; continue heating 
until the precipitate begins to coagulate; and allow to cool. Add sufficient 95% 
alcohol or H2O2 to bleach the permanganate color and set the beaker on a steam 
bath* When the precipitate hag settled, filter and wash with hot HjO, After cooling, 
add 1-2 g of Kl, acidify with HCl, and titrate with the 0.05 N thiosulfate soln. 
Since one-sixth of the I titrated represents the quantity originally present, 1 cc of 
0.05 W NaiSjO, soln = 1.058 mg of I. 

Method //.** — Tentative 

103 REAGENTS 

(a) Potassium iodide sobi. — Dis.solve 200 g of KI, free from iodate, in 11*0 and 
dilute to 1 liter. 

(b) Starch iodide paper. — Dip strips of filter paper in 25 cc of the starch indicator, 
VI, 3(e), that has been mixed with 5 cc of a 10% soln of KI. 
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104 APPARATUS 

(a) Reaction flask. — A glass-stoppered flask of 200-400 ec capacity provided with 
inlet and outlet tubes, the inlet tube having a stopcock and reaching nearly to the 
bottom of the flask and the outlet tube having a bulb of about 25 cc capacity blown 
near the center to lessen the danger of the absorbing soln being drawn back into the 
reaction flask. 

(b) Tall absorption bottle. 

105 DETERMINATION 

Reduce by evaporation a quantity of the sample that contains not more than 0.1 
g of I to a volume of 25 cc, and place in the glass-stoppered reaction flask. Add 5 cc 
of HCl (1 -bl). insert the stopper, and then add thru the inlet tube 50 cc of freshly 
prepared Cl water. Place the end of the outlet tube in the tall absorption flask in 
which is placed 35 cc of 10% soln of KjCOjdiluted to 150 cc. Heat the reaction flask 
and boil gently until most of the Cl and Br has been distilled into the alkali. Con- 
nect the inlet tube to a CO* generator and complete the distillation by simultaneous 
boiling and bubbling of CO* thru the sample. Continue for 10 min., testing for the 
presence of Cl and Br by holding a piece of starch iodide paper at the end of the 
outlet tube. Remove the source of heat and bubble CO* thru the apparatus until 
it is cool. Add 5 cc of the soln of KI and titrate tin; liberated I with 0.05 N NajSsOs 
soln, 100 (d). 

BROMIDE IN THE PRESENCE OF CHLORIDE BUT NOT I OD IDE 2^— TENTATIVE 

106 REAGENT 

Alkaline sodiurn sulfite soln. — Dissolve 4 g of Na 2 SO* and 0.8 g of XasCOs in 
HjO and dilute to 100 cc. 

107 APP.ARATUS 

(a) Reaction cpliruler. 

(b) Tv'o high-form Drechsel gas irashing bottles. 

Join the reacting cylinder and the two gas washing bottles as shown in Fig. 45. 



KRMCTiON CrUNDER. 
^^C.RBSORPTfON CYUNOERS*. 
t, RUBBER CONNECTIONS^ 


FIG. 45.— REACTION CYLINDER TO BE USED IN THE DETERMINATION OF BROMIDE 
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108 REACTIONS 

2 CrOs+6 HBr = Cr, 03+3 HsO+3 Br^. 

2 HjCrO^+S HiOo^CrjOa+S O^+S HA 
XaoSOs+2 Br + H20 = 2 HBr + Na.SO^. 

109 DETERMINATION 

Take a quantity of the brine that contains not more than 10 g of total salts. (The 
sample should not be too acid.) Evaporate to dryness or nearly so. Charge reaction 
cylinder A by introducing glass beads to a depth of about 1 inch, followed by 15 g 
of CrOs crj'stals and finally enough glass beads to fill the cylinder half full. Add 
20 cc of alkaline Na^SOj soln, 106, to the first absorption cylinder and 5 cc to the sec- 
ond. Dilute each to about 200 cc. Connect the 3 cylinders and draw a current of air 
thru slowly. "Wash the sample into the reaction cylinder with sufficient lIjO to make 
about 25 cc of soln. .\s]>irate until the contents of the reaction cylinder are in soln 
and thoroly mixed, close the inlet tube with a small piece of rubber tubing and 
clamp, and reduce the pressure in the apparatus slightly by suction in order to guard 
against any possible escape of Br at the ground-glass stojiper. Allow to stand over- 
night and then aspirate with a rather strong current of air (about 0.5-0.75 liter per 
min.) for 3 hours, adtliiig four 2 cc portions of 3% H 2 OJ soln to the reaction flask at 
30 min. intervals. Stop the aspiration and evaporate the contents of the 2 absorption 
cylinders nearly to dryness. Clean out the reaction cylinder and freshly charge with 
glass beads and 15 g of CrOj crystals. To the first absorption cylinder add 10 g of 
K1 crystals dissolved in 200 cc of H^O and to the second, 3 or 4 g in a like quantity 
of H 2 O. Connect the ap])aratus, draw thru a slow current of air, and transfer the 
contents of the evaporating dish to the reaction cylinder by means of the small 
funnel, using 25 cc of H;()- Aspirate until all the Br is evolved (about 1 hour) and 
titrate the KI soln with standard 0.05 .V Na^SiOi soln, 100(d). 1 cc of NajSiOi 
= 3.996 mg of Br. 

BROMIDE IN THE PRESENCE OF CHLORIDE AND lODIDEJi— TENTATIVE 

(Collaborative work indicates that the following is the best method that has been 
published for the determination of Br in the presence of Cl and I, but the results 
obtained show that only about 95% of the Hr present is recovered when HO mg of 
Br is contained in the portion of the sample taken for analysis. The method is 
satisfactory in the absence of I.) 

UO REAGENT AND APPARATUS 

The reagent and the apparatus and manner of connecting are described under 
106 and 107. 

111 REACTIONS 

Fe2(SO<),d-2 KI = 2 FeSO^-hlj + KjSO^. 

2 CrOj+6 HBr = CT 203+:3 HjO+S Br,. 

2 Il2Cr04-{-3 lIiOj = CfjOj “fiS Oj-T5 JI 2 O. 

Na2SOi4-2 Br-1-H20 = 2 HBr + Na^SO^. 

112 DETERMINATION 

Introduce 10 cc of the sample into a distillation flask, adjust the volume to about 
75 cc, and add 1. 5-2.0 g of Fe 2 (80 4 ) 3 . 91120 . l)i.stil off the liberated I with steam, 
discarding the distillate. Transfer the residue from the distillation flask to a beaker, 
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heat to boiling, add a few drops of methyl arange, and precipitate the Fe with 
NH<OH, avoiding an excess of NH^OH, as a precipitate of Ca(0H)2 is bulky and 
difficult to wash. Filter off the Fe(OII)a, wash with hot HjO, and evaporate the 
filtrate andwashings to dryness or nearly so, taking care that during the evaporation 
the soln does not become acid from hydrolysis of MgCl 2 . From this point proceed 
as directed under 109, beginning with “Charge reaction cylinder. 

SALT^* 

113 PREPARATION OF SAMPLE— TENTATIVE 

If the sample is coarser than 20 mesh, grind so that all will pass thru a 20-mesh 
sieve, but avoid undue grinding so that as much as possible will be retained on an 
SO-mesh sieve. Mix sample by quartering and weigh all needed portions as nearly at 
the same time as possible. 

1 14 MOISTURE— TENTATIVE 

Place about 10 g of the sample in a dry, weighed Erlenmeyer flask of about 200 
cc capacity. Weigh the flask and sample. Spread the sample evenly over tlie bottom 
of the flask by shaking gently and insert a small funnel in the neck. Heat the flask 
and sample for periods of 1 hour each on a triangle over the low, open flame of a gas 
stove at a temp, of about 250° until 2 consecutive weighings agree within 5' mg. 
Shake the flask occasionally so that the sample will dry evenly. Report the loss of 
weight as moisture. 

115 MATTERS INSOLUBLE IN WATER— TENTATIVE 

Place 10 g of the sample in a 250 cc beaker, add 200 cc of lUO at room temp., and 
let stand 30 min., stirring frequently. Filter thru a weighed Gooch crucible with as- 
bestos mat dried at 110°. Transfer the residue to a Gooch crucible with the aid of 
a rubber-tipped glass rod, using a total of not more than 50 cc of H 2 O. Wash the 
residue with small portions of H 2 O, about 10 portions of 10 cc each, until 10 cc of 
the nitrate shows only a faint opalescence upon addition of a few drops of AgNOs 
soln. Dry cr\ieihle and contents to constant weight at 110°. Call increase in w" eight 
of Gooch crucible, “matters insoluble in H 2 O,’' and report results in percentage on 
a moisture-free basis. If matters insoluble in H 2 O exceed 0.1%, determine their 
nature. 

116 MATTERS INSOLUBLE IN ACID^^- TENTATIVE 

Treat 10 g of the sample with 200 cc of HCl (1+19), boil 2-3 min., and let stand 
30 min., stirring frequently. Filter thru a Gooch crucible with mat, dried at 110°. 
Express results in percentage. 

117 PREPARATION OF SOLUTION FOR SULFATE, CALCIUM, AND MAGNESIUM- 

TENTATIVE 

Weigh about 20 g of the sample, transfer to a 400 cc beaker, and dissolve in 200 
cc of HCl (1+3). ('over beaker, heat to boiling, and continue boiling gently for 10 
rain. Filter thru a paper filter and w-ash residue with small <piantities of hot H 2 O 
until the filtrate is free from chlorides. Unite the filtrate and washings, cool, and 
make to a volume of 500 cc (soln + ). 

118 SULFATE TENTATIVE 

Place 250 cc of soln A, 117, in a 400 cc beaker of resistant glass, heat to boiling, 
and add a slight excess of a hot 10% BaCU soln dropwise while stirring. Concen- 
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trate by heating gently and finally evaporate to dryness on a steam bath. Facilitate 
removal of free acid by stirring the partly dry residue. Wash the precipitate by 
decantation with small quantities of hot H2O, finally transferring the precipitate to 
a dose grained filter paper with the aid of a rubber-tipped glass rod and stream of 
hot HiO. Wash the i)recipitate on the filter until the filtrate is free from chlorides. 
Test the filtrate for the presence of Ba. Dry and ignite the filter and precipitate over 
a Bunsen flame. Report the percentage of S0< in the sample on a moisture-free 
basis. 

1 19 CALCIUM— TENTATIVE 

Place the remainder of soln A in a 400 cc beaker of resistant glass. Add an excess 
of 10% oxalic acid soln (10 cc usually will be sufficient). Add a few drops of methyl 
orange indicator and neutralize while hot by adding NH^OH dropwiae, stirring 
constantly. Add about 1 cc excess of the NH*OH, stir, and let stand in a warm place 
for 3 hours. Decant the supernatant liquid thru a filter, reserving the filtrate for 
the determination of Mg. Test the filtrate for Ca with NH* oxalate soln. Wash the 
precipitate in a beaker once with 10 cc of a 1% NH4 oxalate soln, decanting thru 
filter paper. Combine filtrate aiul washings. Dissolve the precipitate on a filter 
with hot HC'l (l-[-l), using the same beaker, dilute to 100 cc, add a little more 
oxalic acid, and precipitate as before. After staiiding 3 hours, filter and wash with 
the NH4 oxalate soln as before, reserving the filtrate and washings. Transfer the 
precipitate to a crucible, dry, ignite, and heat over a blast lamp to constant weight. 
Report as percentage of Ca on a moisture-free basis. 

120 MAGNESIUM— TENTATIVE 

Combine the filtrates and washings from the Ca determination, concentrate if 
necessary by boiling gently to a volume of about 150 cc, and proceed as directed 
under W. Report as percentage of Mg on a moisture-free basis. 

121 METHOD OF REPORTING RESULTS IN SALT— TENTATIVE 

(Id the absence of added drying agents such as MgCOj, ('a i)hos])hate, etc.) 

Convert the sulfate to CaSOi and the unused Ca to CaCU, unless the sulfate in the 
sample exceeds the quantity necessary to combine with the ('a, in which case con- 
vert the Ca to CaSOi and the unused sulfate first to MgS04 and the remaining sul- 
fate, if any, to Na2S04. Convert the unused Mg to MgC.’l:. Add the percentages of 
CaCIj and Mgf.'U. Report on a moisture-free basis the [jercentage of matters in- 
soluble in HjO, of sulfate, of Ca, of Mg, of (.'aS04, and of CaCU and MgCU- Report 
also the results of the qualitative examination of matteirs insoluble in H2O, if the 
quantity exceeds 0.1% on a moisture-free basis. 
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1 QUALITATIVE TEST-OFFICIAL 

(Applicable to solids.) 

Charge the alpha ray electroscope thru the charging wire (10) to bring the leaf to 
a suitable position on the scale in the microscope (9). Close the door (12) and record 
the position of the leaf on the scale at frequent intervals, until the rate of fall of the 
leaf is constant. Calculate the rate of fall of the leaf in divisions per min., designat- 
ing the figure obtained as the natural leak of the instrument for that particular 
determination. 

Place a convenient portion of the sample on the pan (11) and introduce it into the 
discharge chamber, close the door, recharge the leaf system thru the charging wire 
(10), and record the rate of fall of the leaf in divisions per min. over the same range 
of scale as before, until the rate becomes constant, recharging if necessary. A rate 
of fall in excess of the natural leak of the instrument shows that the sample is 
radioactive. 


QUANTITATIVE METHODS 
Emanation or radon method^— Ojjicial 

2 REAGENT 

Sodium hydroxide Boln . — Dissolve 60 g of NaOH in H^O, dilute to 3 liters, boil 
the soln at least 10 min., and keep hot until ready for use. Prepare the soln the day 
it is to be used. 

3 .\PI\\R.\TUS 

(a) Gas collection ap'paralus . — Two flat-bottomed long-necked Florence flasks, 
the one containing the sample having a capacity of 0.2-2 liters and the other a ca- 
pacity of 2 liters (Xos. 1 and 2 in Fig. 46); 2 overflow flasks of about 300 cc capacity 
(3, 4); 1 gas-collecting buret 1 cm in diameter and .50 cm in length (5); 2 gas burners; 
and 2 iron supports provided with iron clamps, 1 iron tripod, suflicient rubber and 
glass tubing, wire gauzes with asbestos centers, and pinch cocks. Connect the ap- 
paratus as shown i[i Fig. 46. 

fb) Gas transfer apparatus . — One gas transfer Imret 4 cm in diameter and ,50 cm 
in length (6); 1 separatory funnel or leveling bulb with a capacity of 1 liter; 2 iron 
supports provided with iron clamps; rubber tubing, and pinch cocks. 

tc) Calcium chloride drying tube (7). — A l-hole rubber stopper and suitable glass 
and rubber tubing. 

(d) Control tube . — A glass vial about 2 cm in diameter and about 0^ cm long (8), 
a 2-holed rubber stopper, and 2 glass tubes. 

(e) Alpha ray electroscope.— A head, which is either permanently attached, as in 
Fig. 46, or detachable, as furnished by laboratory supply houses; an open discharge 
chamber; and a microscope (9) on a permanently attached base. The microscope 
contains a micrometer scale. The head of the electroscope contains a leaf sys- 
tem including the charging wire (10), and the open discharge chamber, with a door 
(12), contains an adjustable support for the pan (11). 

(f) Emanation type electroscope . — A head, either permanent or detachable, lig. 
46, a gas-tight emanation chamber (13) provided with stop cocks (16 and 17) and 
a microscope (14) on a permanently attached base. The microscope contains a 
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micrometer scale. The head of the electroscope contains a leaf system and a charg- 
ing wire (15). 

(g) Charging device. — Or a hard rubber rod and catskin. 

(h) Stop watch. 

(i) Vacuurn pump. 

4 rilEPAKATION or SAMPLE 

(All reagents must be free from radium and radon.) 

A. Samples completely soluble in acids: 

(1) Solid or semi-solid form. — Add 50 cc of HNOj (1 -|-9) and boil for several min. 
If a residue remains, add 50 cc of HCl (1+9) and again boil. (This treatment should 
not be applied to samples containing grease, such as face creams, the physical ap- 
pearance of which will indicate that they are insoluble in aqueous solns.) 

(2) Liquid form (clear liquid, turbid liquid, or liquid containing suspended mailer). 
— Add 50 cc of HXO3 (1 +9) to from 1 to 10 cc of sample, boil for several min., and 
examine carefully for opalescence. If a portion of the sample remains undissolved, 
add 50 cc of HCl (1 +9) and again boil. The addition of HCl to HNO3 mixtures in 
this case and in the case of samples in solid and semi-solid form should be avoided if 
possible. 

If clear and limpid solns arc obtained by the above procedures, take a quantity 
of the well-mixed sample that will produce an accurately measurable increase in the 
rate of fall of the leaf, dissolve as directed under (2), preferably in a Florence flask 
of 300 cc capacity, and proceed as directed under (c) “Final preparation of dear 
solns.'' 

B. Samples wholly or partly insoluble in acids: 

(a) Preliminary treatment'. 

(1) Solids. — If the sample is not in powder form, grind to a flue powder, ignite a 
weighed portion in a porcelain dish in a muffle at dull red heat, avoiding fusion, 
and proceed as described below under (b) “Treabnenl of ash." 

(2) Semi-solids. — Ignite quite rapidly in a muffle a weighed portion of the sample 
contained in a porcelain dish, avoiding fusion. Heating too slowly or heating in the 
open may cause the sample to “creep" over the edge of the dish. Proceed as directed 
under (b) “Treatment of ash." 

(3) Liquids immiscible niih IIS. — Evaporate a w'eighted or measured portion of 
the sample to dryness, or as nearly so as i)ossilde, on a steam bath, and dry care- 
fully on a hot plate. Ignite the residue in a muffle, avtjiding fusijjn. Proceed as di- 
rected under (b) “Treatment of ash." 

(4) Liquids containing material which is insoluble in (1+9). — Digest the 

sample or a suitable portion of it with HNO3 (1+9). Filter into a 300 cc Florence 
flask, and wash the residue thoroly with hot H2O. Proceed as directed under “Treat- 
ment of ash," beginning “Ignite the w'ashed residue in a Pt dish . , 

(b) Treatment of ash: 

(1) Digest the ash obtained under fa) with HNOj (1+9) on a steam bath. Note 
the quantity of acid used in this and subsequent operations so that the final clear 
soln can be adjusted to contain about 10% of acid by volume. Filter into a Florence 
flask and wash thoroly with hot HjO. (Ordinarily a flask of 300 cc capacity is the 
most suitable, even if it is necessary to concentrate the filtrates by boiling.) Ignite 
the washed residue in a Pt dish and cover the residue with a few cc of HjO and 5 10 
cc of HF. Evaporate to dryness on a steam bath. Add HjO and a few cc of HNO? 
(1+9), digest on a steam bath, filter into a Florence flask, and wash with H4O. Ash 
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the filter paper in a Pt dish and add 5-10 cc of H2O and 1 cc of HNO3. Examine 
carefully for any insoluble material, and if none is found, add the soln directly to 
the Florence flask, rinsing out the Ft dish several times with H2O and adding the 
washings to the flask. Then follow the procedure under c Final preparation of clear 
solns.” 

(2) If an insoluble residue that does not contain BaS04 remains, proceed as 
follows: Ignite the insoluble residue in a Pt dish and fuse with 5 to 10 times its 
w'eight of a fusion mixture consisting of equal weights of K2CO3 and anhydrous 
Na2COs. Cool, and cover with a cover-glass. Neutralize the fused mass with UNO* 
(l-f9) using a drop of phenolphthalein soln to note when the soln is acid. Heat on 
a steam bath, add a few cc excess of the HNO3, and boil carefully. Filter the soln 
into the Florence flask and wash thoroly. Ignite the insoluble residue in a Pt dish 
and proceed as directed under “Treatment of ash (b),” beginning with “cover the 
residue with a few cc of H2O and 5-10 cc of HF.“ 

(3) If the insoluble residue docs contain appreciable quantities of BaSO^, pro- 
ceed as follows; Ignite the insoluble residue in a Pt crucible, mix, and fuse with 5-10 
times its weight of a fusion mixture consisting of equal weights of K2CO3 and an- 
hydrous Na2C03, Cool, boil the residue with a little H2O until thoroly disintegrated, 
and filter into a separate Florence flask. Since this soln contains SO* do not mix wuth 
the acid filtrate obtained under (b) (1). Wash the residue with hot, normal Na2C03 
soln until the filtrate gives no test for SO 4, and then wdth a little H2O. Dissolve the 
w'ashed residue (Ba-RaCOj) carefully with HNO3 (1 -}-l) and wash thoroly with H2O 
into a separate Florence flask. If an insoluble residue remains, proceed as directed 
under (b) (1), “Ignite the washed residue,” etc. Combine this filtrate with the 
original acid filtrates. 

(c) Final preparation of clear solns : 

Boil the clear acid solus obtained under (a) or (b) for 20 min. Add dilute IINO3 to 
make the volume of the soln about 80% of the capacity of the flask. (The final soln 
should contain at least 10% by volume of acid.) Dilute with normal NaiCOj any 
alkaline solns. Cool, and seal the flask without delay, noting exact time of sealing, 
in the following manner: Bend a piece of glass tubing at right angles, draw out one 
end, and seal off. (The sealed-off arm should be about 15 cm long and the other arm 
about 7 cm long.) Place the short arm in a one-hole rubber stopper, so that the end 
is flush with bottom of stopper. Place stopper atid tubing in neck of flask so that a 
tight fit is obtained and tie down to the flask with a cord. Examine the sola the next 
day. If an opalescence or precipitate is noted, filter the soln, wash the insoluble 
residue with hot H2O, and treat it as described under (b) (2). 

5 DILUTK KADIUM SOLUTION 

Measure accurately a quantity of clear standard stock soln of radium that will 
contain al)out 5 millimicrograms of radium and place it in a flat-bottomed Erlen- 
meyer or Florence flask of about 200 cc capacity, provided with a sealed-in glass 
tube extending horizontally about 12 cm. If the volume of the standard soln taken 
is less than 80 cc, make it up to about 100 cc with a boiled soln of HNOa (l-bl2) 
containing about 0.1 g of Ba(NOj)2 per 100 cc. Record the exact quantity of stand- 
ard soln taken and its temp. Boil the soln rather vigorously for 20 min., carefully 
avoiding mechanical loss, allow to cool slightly, replace the soln lost by evaporation 
with an equal quantity of boiled HsO, and draw out and seal the end of the glass 
tube, recording the exact time of sealing. Allow the soln to stand at least. 4 days. 
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6 STANDARDIZATION OF ELECTROSCOPE 

Determine the natural leak of the emanation type electroscope as follows: Create 
a vacuum in the emanation chamber (13) by means of the vacuum pump. Connect 
the closed emanation chamber (stopcock 17) with the freshly filled CaClj drying 
tube (7) and with the glass vial (8), which should contain about 2 cc of HaO. Allow 
dried air to enter the emanation chamber at the rate of one or two bubbles per 
second. When equilibrium is established, close off the emanation chamber by turn- 
ing the stopcock (17), and illuminate the leaf system and the micrometer scale in 
the microscope (14) by placing a small electric bulb behind the electroscope at such 
a distance that the electroscope will not be heated but the light will give a good 
illumination on the micrometer scale. Charge the electroscope thru the charging 
wire (15) so as to bring the leaf in view on a suitable part of the scale. Revolve the 
charging wire and ground it on the inner wall of the head of the electroscope. 
After about 15-30 min., begin recording the exact positions of the leaf with respect 
to the scale, at intervals of about 10 min. for approximately an hour, noting the 
exact time and estimating to tenths of divisions. Calculate the average rate of fall 
of the leaf in divisions per min. and designate the figure obtained as the natural leak 
of the instrument for the particular determination. 

Place about Ij liters of the NaOH soln in the 2 liter flask (2) and boil vigorously 
for at least 10 min. Lower the flame, manipulate the clips so as to fill the gas-col- 
lecting buret (5) with the soln, and continue boiling gently. Connect the flask con- 
taining the standard Ra soln with the buret. Heat the sample gently and before 
excessive pressure is generated break off the capillary end inside the rubber connec- 
tion, noting the exact time of breaking. Open the clip to permit evolution of gas 
into the buret. Continue heating the NaOH soln in the 2 liter flask (2) and boil the 
standard Ra soln rather vigorously for 20 min. Extinguish the flame under the 
sample and at the same time close the clip so as to retain the gases in the buret, and 
disconnect the flask containing the standard Ra .soln. Before the soln is cold, draw 
out and seal off the glass tube of the flask. Fill the gas transfer buret (6) with the 
hot NaOH soln that has been boiled for at least 10 min., and connect it with the 
upper end of the gas-collecting buret (5), so manipulating the clips as to transfer, 
without loss, the collected gases from the gas-collecting buret (5) to the transfer 
buret (6). Shut off the burner, disconnect the transfer buret from the gas-collecling 
buret, and connect it with the gla.ss vial (8), the CaCdj drying tube (7), and the 
emanation chamber fl3), in which a vacuum has been created. Perform this opera- 
tion without loss of the collected gases. Allow these gases to pass into the emanation 
chamber at the rate of 1-2 bubbles per secoiul. As soon as the NaOH soln appears 
at the inlet tube of the glass vial, disconnect the gas transfer buret and allow the 
inflow of air to continue at the same rate until bubbling ceases, (’lose the stopcock 
(17) and disconnect the glass vial and the CaCL drying tube. Allow the electroscope 
to stand 2| hours, charge it, and keep it charged for 15 min.; then begin a series of 
readings with the aid of a stop-watch on the same range of scale used in determining 
the natural leak of the electroscope. After the readings have been completed, draw 
air thru the emanation chamber for about 1(J min. by means of the vacuum pump 
until the radon is removed. Subtract the natural leak of the instrument in terras of 
divisions per min. from the rate of fall in divisions per min. when the radon was in 
the electroscope. Divide the number obtained into the number of millimicrocuries 
of radon in the standard Ra soln. In a sample sealed fur less than 30 days, calculate 
the radon content of the sample from a table of decay or growth of radon. In a 
sample sealed for 30 days or more, the radon content will be equivalent to the Ra 
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content. The quotient will be the quantity of Ra that will cause an acceleration of 
one division per min. in the rate of fall of the leaf. Repeat the standardization oc- 
casionally, using other dilute Ra solns prepared from the standard stock Ra soln. 

7 dktkkmination- 

Determine the natural leak of the electroscope, boil off the emanation from the 
sample, and determine its effect on the rale of fall of the leaf exactly as described 
previously, <5, taking the precaution of allowing the collected gases to remain in 
the gas-collecting or gas-transfer burets at least 10 min. for decay of any thoron that 
may be present. Subtract the natural leak in divisions per min. from the increased 
rate of fall, exi)ressed in divisions per min., the difference being the rate of fall of 
the leaf due to radon in the sample. Multiply the figure obtained by the number of 
inillimicrograms of Ra that will cause an increase of one division per min. If the 
sample has been allowed to stand 30 days, the result will be the quantity of Ra in 
the sample. If the sample has stood for less than 30 days, calculate the Ra content 
from tables of decay and growth of radon. If the original sample is a soln, report 
the content of Ra in millimicrograms per cc or per liter. If the original sample is a 
solid, report the content of Ra in terms of rnilliiriicrograms per g or per 100 g. 

Gamma ray method^ — Tentative 

8 APPARATUS 

A cylindrical zinc chamber (1) of about 1000 cc capacity, which is hermetically 
sealed. The axis of the cylinder is vertical. On the inside is the Wulf two-fiber system 
(3), which is fastened to an amber insulator, and which can be charged with the 
aid of a charging-rod (4). The rate of movement of the fibers is determined by 
means of a microscope (2). 

9 PREPAUATIOX OF SAMPLE 

Use the whole sample or one or more subdivisions, depending upon the content 
of radioactivity, but do not open the individual containers. Seal any loose material 
in a suitable container such as a test tube. 

10 STANDARDS 

Use known quantities of radium measured by the National Bureau of Standards. 

11 STANDARDIZATION OF ELKCTRO.SCOPK 

(a) Natural fmA:,— Charge the electroscope through the charging rod by means 
of a charging device, 3(g), to bring one of the fibers to a suitable point on the 
properly illuminated microscope scale after 4, Fig. 47, is grounded — for example, at 
the 50 division mark or above. As the natural leak of the electroscope in a room free 
from radium is very small, use a radium standard to adjust the fiber approximately 
to the desired division mark. Remove the standard from the room and record the 
time when the fiber crosses the exact division mark. Allow the electroscope to remain 
charged overnight. Again record the time when the fiber crosses an exact division 
mark. Calculate the rate of travel of the fiber in seconds per division and designate 
the figure obtained a.s the natural leak (R) of the electroscope for the particular de- 
termination. 

(b) ConstunU— Place a suitable radium standard containing 10-1000 micro- 
grams of radium at an exact measured distance from the center of the electroscope. 
Charge the electroscope and record the average time, measured by a stop-watch, 
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for at least 6 trials, of the fiber to travel over that part of the scale used in ob- 
taining the natural leak. Calculate the rate of travel in seconds per division and 
the corrected time (T) due to radium alone by the following formula: 

(1) T = AR/R — A, in which A = observed time and R = natural leak. 

Then calculate the constant (K) hy the following formula: 

(2) K = S17(D)*, in which S = micrograms of radium in the standard; T = cor- 
rected time found in (1); and D = distance between the center of the electroscope 
and the standard. 

To obtain a reliable average figure for this constant, calculate K, placing the 
radium standard at different distances from the center of the electroscope. Use 
several different standards of known radium content. 



12 DETERMINATION' 

Place the sample at a suitable distance from the center of the electroscope. 
Charge the electroscope as directed above, using if convenient a radium standard 
to adjust the fiber. Record the average time taken by the fiber to travel between 
exact division marks over all or a major portion of that part of the scale used for 
the standardization. If the sample contains sufficient radioactivity to permit, take 
average readings when it is placed at different distances from the center of the 
electroscope; if it contains only a relatively small quantity of radioactivity, fasten 
it with rubber bands to the circumference of the electroscope so as to obtain the 
maximum ionization. Calculate the micrograms of radium (S') or its equivalent in 
terms of radium by the following formula: 

(3) S' = K(D0VT', in which K=con8tant of electroscope; D' = exact distance 
between the center of the electroscope and center of the sample; and T' — cor- 
rected time in .seconds per division due to the radioactivity only in the sample. 

SELECTED REFERENCES 

1 .J. Assoc. Official Agr. Chem., 8, 531 (1925); 10, 363 (1927); 13, 308 (1930); 14, 
85, 309 (1931); 15, 404 (1932); 19, 102 (1936). 

» Ibid., 19 , 101 (1936). 
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SAMPLING!— TENTATIVE 

1 I. Tahlels p,nd Pills 

(a) Bulk lots. — Mix the lot as thoroly as possible without mutilating the contents. 
Count, weigh, and powder thoroly at least 100 units. Calculate the average w- eight 
per unit. 

(b) Containers of 1000 or more units. — Open and cautiously mix the entire con- 
tents without mutilation and divide into 2 parts, one of which is liberal for analy- 
sis (usually J or ^ is amj)le). Return the remainder to the container as a reserve 
sample. Count, weigh, and powder the analyst's subdivision as directed under (a). 

(c) Containers of 100-500 units. — If more than one container is available, count, 
weigh, and powder the entire contents of one of them. If only one container is 
available, but there is sufficient material to warrant subdividing, proceed as directed 
under (b); otherwise count, weigh, and powder the entire contents. 

(d) Small containers, such as tubes of hypodermic tablets. — Choose a number of 
containers that will constitute a satisfactory sample; count, weigh, and pow'der the 
contents. 

(e) Tablets or pills of small dosages, for example, if 100 grain of active ingredient . — 
The number of units necessary may be so large as to render powdering unnecessary. 
An entire bottleful or half a ])ottleful may be required. Count the units to be em- 
ployed and use them without powdering. 

II. Soft Capsules 

Count and weigh a representative number of capsules and ascertain the gross 
weight per capsule. Open the capsules and transfer as much of the contents as 
possible to a weighing bottle. C^lean the capsules by cutting in two if necessary and 
w'ashing by agitating with alternate portions of alcohol and ether. (A few drops of 
glacial acetic acid mixed with the alcohol aids in the cleaning.) Repeat until clean, 
finally removing the ether before a fan or air blast. Deduct the weight of the cleaned, 
empty capsules from the gross weight and calculate the average net contents. 

III. Ampuls 

Before opening dislodge any liquid adhering in neck. Mark with a file or other 
suitable instrument the level of the liquid on the necks of the requisite number 
of ampuls, open them near the tip, transfer the bulk of the contents to a small flask, 
and mix. To determine the volume of contents, wash and dry the empty ampuls ami 
fill them to the mark with H 2 O from a graduated pipet or buret. 

ACETANILID AND ACETPHENETIDIN' (PHENACETIN) 

2 Qualiiative Test for Acetphenetidin—Tentative 

To 0.001-0.002 g of the sample in a test tube add a drop of glacial acetic acid, 0.5 
cc of H 2 O, and 1 cc of 0.1 .V I soln; warm the mixture to about 40® and add a drop of 
HCl. If aceiplienetidin alone is present, its periodide sei)arates almost immediately 
in the form of reddish brown leaflets or needle-like crystals. If the sample consists 
largely of acetanilid, the separation takes place on cooling and shaking the liquid. 
In the presence of considerable acetanilid, the periodide first separates as minute. 
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oily globules, which on vigorous shaking gradually become crystalline. By this test 
as little as 0.0005 g of acetphenetidin, if alone, may be detected in the form of its 
characteristic periodide. 

Quantitative Methods — Tentative 

3 RSAOEXTS 

(a) Purified iodine. — Dissolve 2 parts of resublimed I and 1 part of K I in 1 part 
of HjO, pour the clear soln into a large volume of HjO, filter, and wash the finely 
precipitated I several times on a perforated plate with HjO. Dry in the air and 
finally in a desiccator containing HjSOi. Store in a glass-stoppered weighing bottle, 

(b) Standard sodium thiosulfate soln. — Dissolve 30 g of NaiSjOj. 5HjO in recently 
boiled, cooled HjO and dilute to about 1 liter. Standardize this soln against the puri- 
fied I as follows: Weigh accurately about 0,3 g of the purified I in a small glass cap- 
sule provided with a closely fitting glass cap or stopper. Place the capsule in a 200 
cc Erlenmeyer flask containing 0.5 g of KI dissolved in 1-2 cc of HsO. After complete 
soln dilute with 10 cc of HjO and titrate with the Na2Sj0j soln, using 1 or 2 drops of 
starch indicator, VI, 3(e). 

(c) Standard iodine soln. — Dissolve 40 g of KI in the least possible quantity of 
HiO, add 30 g of I, and after solution dilute to about 1 liter. Standardize against 
the standard NazSiOj soln. 

4 DETERMINATION 

(a) Acetphenetidin. — (1) Place 0.2 g of the acetanilid-acetphenetidin mixture in 
a 50 cc lipped Erlenmeyer flask, add 2 cc of glacial acetic acid, heat gently over a 
wire gauze to complete soln, and dilute with 40 cc of H 2 O previously warmed to 
70*^, Transfer the clear liquid with two 10 cc portions of warm (40°) HjO to a glass- 
stoppered, 100 cc volumetric flask containing 25 cc of the standard I soln warmed to 
40°. Stopper, mix thoroly by rotating the liquid, add 3 cc of HCl, continue ro- 
tating the liquid until crystallization begins, and then set aside to cool. (If the 
ratio of acetphenetidin to acetanilid is equal to or greater than unity, crystalline 
scales will form almost immediately on the addition of acid. As the proportion of 
acetanilid increases, however, the periodide tends to remain in the liquid state. 
Gentle agitation or rotation of the flask in HjO, warmed not to exceed 40°, hastens 
the formation of crystals.) When the contents are at room temp., fill the flask 
with HjO to within 2 or 3 cc of the mark, mix thoroly by rotating the mixture, and 
allow to stand overnight. Fill to the mark with HjO, mix thoroly, allow to stand 30 
min., and filter thru a 5.5 cm dry, closely fitted filter into a 50 cc volumetric flask, 
rejecting about 15 cc of the first runnings but reserving it for the recovery of acetan- 
ilid. Transfer the 50 cc aliquot to a 200 cc Erlenmeyer flask and titrate the excess I 
with the standard NajSjOa soln. Calculate the quantity of acetphenetidin from the 
following formula: 

Acetphenetidin =/ (0.0896 X.V)» in which 

0.0896 = the number of g of acetphenetidin contained in 1 cc of a normal 
soln of this substance; 

N = the normality of the standard NajSjOj soln used; and 
I = the number of cc of the standard NajSiOj soln corresponding 
to the I combined with the acetphenetidin. 

The formula of the precipitated periodide is (CiH40.C«H*NH.COCHi)jHl . I4. 

(2) Determine acetphenetidin gravi metrically as follows: Filter off the periodide, 
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preferably by auction; wash with 10-15 cc of the standard 1 soln; and transfer the 
precipitate, together with the filter and any particles of the precipitate remaining 
in the volumetric flask, to a separator, using not over 50 cc of HaO. Remove both 
free and added I with a few small crystals of NajSOj and extract the liquid with 
three 50 cc portions of CHClj, washing each portion subsequently in a second 
separator with 5 cc of H2O. After washing and clearing, filter the CHCIj soln thru a 
dry 5.5 cm filter into a 200 cc Erlenmeyer flask, distil most of the CHCh, transfer 
the residual soln (&-10 cc) by means of a little CHCI3 to a small weighed beaker, 
evaporate to dryness on a steam bath, cool, and weigh. 

(b) Acetanilid.—li the combined weight of the acetanilid-acetphenetidin mixture 
is known, determine the weight of the acetaniiid by difference; or determine it 
directly from a second aliquot of the filtrate from the acetphenetidin periodide 
(a) as follows: 

Pipet 25-30 cc of the clear liquid into a separator, decolorize with solid NajSOs, 
and add solid NaHCOj in slight excess, then 1 or 2 drops of acetic anhydride. 
Extract with three 60 cc portions of CHCIj, passing the CHClj soln, when cleared, 
thru a small, dry filter into a 200 cc Erlenmeyer flask, and distil the CHClj by the 
aid of gentle heat to about 20 cc. Add 10 cc of H2SO< (1 -b9) and digest on a steam 
bath until the residue has been reduced one-half. Add 20 cc of H2O and continue the 
digestion for an hour. Add a second 20 cc portion of H2O and 10 cc of HCl and 
titrate very slowly, dropwise, with the standard bromide-bromate soln, S(a), until 
a faint yellow color remains. While adding this reagent, rotate the flask sufficiently 
to agglomerate the precipitated trihromoanilin. Calculate the quantity of acetaniiid 
present. 

If the preparation contains caffeine or antipyrin, or both, in addition to acetaniiid 
and acetphenetidin, proceed as follows: (1) Digest the mixture by heating with the 
H2SO4 (1+9) to convert acetphenetidin and acetaniiid to phenetidin and anilin 
sulfates, respectively, 7(a); (2) separate the caffeine and antipyrin by extraction 
with CHCU; (3) regenerate acetphenetidin and acetaniiid by treating the soln of the 
corresponding sulfates with solid NaHCOj in slight excess and a few drops of acetic 
anhydride, and extract with CHClj. 

ACETANILID AND CAFFEINE*— OFFICIAL, FIRST ACTION 

5 REAGENTS 

(a) Standard bromide-hr ornate soln . — Dissolve U g of KBrOj and 55 g of KBr in 
H2O. Dilute to I liter and standardize against recrystallized and dried acetaniiid, 
by one of the following procedures: (1) Proceed as directed under 4(b), beginning 
with “Add 10 cc of H2SO4 (1+9)“; (2) transfer 10 cc of the soln to a glass-stoppered 
flask and add 25 cc of HjO, 5 cc of 16.5% KI soln, and 5 cc of HCl. Shake thoroly 
and titrate the liberated I with 0.1 N NajSjOj soln, using starch soln as indicator, 
VI, 3(e). 

(b) Wagner* s reagent . — Dissolve 2 g of I and 6 g of K I in HjO and dilute to 100 
cc. 

Treat all corks used in the distillation with CHClj. 

6 PREPARATION OF SOLUTION 

(a) If the sample is already in powder, rub thoroly in a mortar and keep in a 
tightly corked tube or flask. Powders in paper, cachet, or capsule containers are 
frequently of such fineness as to require little further trituration except to produce a 
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uniform product. With tablets and pills, determine their average weight and powder 
in a mortar. Weigh 0. 3-0.5 g of the sample or, if preferred, a quantity equal to, 
or a multiple of, the average unit dose (previously ascertained by weighing collec- 
tively 20 or more such doses). Transfer to a separator, add 50 cc of CllCla and 20 cc 
of HjO, shake vigorously, and after clearing draw off the lower layer thru a small, 
dry filter into a 200 cc Erlenmeyer flask. Repeat the extraction twice, using 50 cc 
portions of CHClj for each extraction. Recover any caff eine-acetanilid mixture ob- 
servable about the apex of the delivery tube of the separator, edge of filter, and tip 
of separator by careful washing with CHClj and add these washings to the main 
portion. Distil the combined CIICU extracts to about 10 cc. 

If caffeine is present, as the free alkaloid or in other readily extractable form, 
the extraction may, if preferred, be made on filter paper by washing with successive 
5-10 cc portions of CHCU (30-50 cc is usually sufficient) until the extraction is com- 
plete, as indicated by the absence of any residue after evaporation of a small portion 
of the last washing. 

(b) With dilute alcoholic solns, evaporate a measured quantity on a steam 
bath until most of the alcohol has been expelled, or take an aliquot of the residue 
from an alcohol determination and transfer to a separator by pouring and rinsing 
with a minimum quantity of H 2 O so that the final volume does not greatly exceed 
20 cc. In order to avoid any loss of acetanilid by hydrolysis during evaporation, add 
a little solid NaHCOj and a drop of acetic anhydride. Should the preparation con- 
tain other alkaloids, acidify with a few drops of iljSO^ (1+9) infimediately after 
acetylation to retain such basic material in the aqueous soln. Add 50 cc of CHCI3, 
shake vigorously, and after clearing draw off the CHClj layer thru a filter into a 200 
cc Erlenmeyer flask. Repeat the extraction twice, using 50 cc portions of CHCI3 
for each extraction, and distil the combined CHCI3 washings to a volume of about 
10 cc. 

7 DETERMINATION 

fa) Caffeine . — Treat the CHCU soln obtained, 6 , with 10 cc of lUSO* (1+9) 
and digest on a steam bath until the contents of the flask are reduced to 5 cc. Add 
10 cc of HjO and continue the dige.stion until the liquid is again reduced to 5 cc. 
(The diluting and evaporating process must be repeated until the odor of acetic 
acid can no longer be detected in the vapors.) (lool and transfer to a separator with 
a minimum of H 2 O. fThe final volume should not greatly exceed 20 cc.) Add 50 cc 
of CnCls, extract in the usual way, and after clearing withdraw the lower layer thru 
a small, dry filter into a 200 cc Erlenmeyer flask. Rejieat the extraction with two 50 
cc portions of CHCI 3 . Distil the combined extracts to al)out 10 cc, finally trans- 
ferring the residual liquid, by washing with to a weighed lieaker or crystal- 

lizing dish. Allow the soln to evaporate spontaneously, or liy gentle heat and an air 
blast, to apparent drynes.s. (h)ol, and allow to stand in the open until weight be- 
comes constant. 

From those preparations that contain powdered cinnamon, celery seed, ginger, or 
other vegetable products, CIIClj extracts, in addition to caffeine and acetanilid, 
certain oils, fats, waxes, resins, pigments, and other substances. After the caffeine- 
acetanilid mixture has been digested, these oils, etc,, appear either in suspension or 
soln and contaminate the caffeine. Remove any suspended impurities by filtering 
thru a small, mohstened filter immediately after hydrolysis and prior to extraction 
with CHClf. Should the recovered caffeine be deeply colored or contaminated with 
foreign matter, purify it as follows; Dissolve in HjSO^ (about 5 cc of 0.2 N acid for 
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every 100 mg of caffeine); filter, if necessary, thru a moistened filter; and add 15-20 
cc of Wagner’s reagent, 5(b), sufficient to color distinctly the supernatant liquid a 
deep claret; stir, and allow to stand an hour, preferably in a refrigerator. Filter 
and wash the periodide with a few cc of I soln ; transfer both filter and precipitate 
to a separator, using not more than 20 cc of H2O; and decolorize with a crystal of 
NasSOa- Extract with three 50 cc portions of CHCI3 and proceed as directed above. 

(b) Acetanilid. — Transfer the soln of anilin sulfate remaining in the separator to 
the Erlenmeyer flask used in effecting hydrolysis and heat 10 min. on a steam bath 
to expel all traces of CHCI3. Wash the filter that was used in drying the CHClj 
soln of caffeine with 5 cc of H2O, adding the washings to the main soln of anilin 
sulfate. Add 10 cc of HCl and titrate with the standard bromide-bromate soln, 
5(a), until a faint yellow coloration remains, rotating the flask sufficiently to ag- 
glomerate the precipitated tribromoanilin. Calculate the acetanilid from the number 
of cc of the standard soln required. 

(1) Add an excess of the standard bromide-bromate soln to the soln of anilin 
sulfate obtained under (b) and titrate the excess with 0.1 N NajS^Os after the addi- 
tion of 5 cc of KI soln and starch soln as indicator, VI, 3(e). 1 cc of O-t N bromide- 
bromate soln =0.002252 g of acetanilid. 

(2) To tletermiiie NaHCOs also, wdiich often appears as the CHCfi-insoluble 
residue, titrate such residue with standard acid, using methjd orange indicator. 
The bicarbonate may also be determined by igniting the original sample (if talc is 
absent) or the CHClj-insoluble residue, with lijSO^ and weighing the resulting 
Na^SOi. 

(3) Should the “acetanilid compound” be combined with NaBr, the bromide, in 
the absence of other halides, may be determined volumetricalLy as directed under 
XII, 37. 1 cc of 0.1 iV AgNOs -0.01029 g of XaBr. 

ACETANILID, CAFFEINE, AND CODEINE^— OFFICIAL, FIRST ACTION 

8 preparation of solution 

Transfer to a separator one or more average unit doses (about 0.225 g of acetaii- 
ilid) of the powdered sample; add 20 cc of HjO, 50 cc of CllCh, and 10 drops of 
H2SO4 (l-f9); and extract in the usual way. After clearing, wash the solvent in a 
second separator with 5 cc of and transfer to a 200 cc Erlenmeyer flask. Repeat 
the foregoing operations with twm 50 cc portions of CHCh, finally distilling the com- 
bined CH(;ij soln by gentle heat to about 10 cc. 

9 DETERMINATION 

(a) Acelaiiilid and caffeine. — Treat the CHCI3 residue, 8, as directed under 7. 

(b) Codeine. — Combine the wash II 2O used in the second separator under 8 with 
the soln of codeine sulfate. Add an excess of solid NaHCOs, extract with 5 succes- 
sive portions of 30, 25, 20, 15, and 10 cc of CHCI3, wash the combined CHCI3 ex- 
tracts w'ith 5 cc of ICO in a second separator, and pass thru a dry filter into a 200 
cc Erlenmeyer flask. Distil by gentle heat to about 5 cc. Transfer the CHCh soln to 
a small weighed beaker, evaporate to apparent dryness on a steam bath, add a few 
drops of alcohol and a like quantity of HjO to the amorphous residue, and evaporate 
again. Finally cool and allow the usually crystalline product to stand until the 
weight becomes constant. Check this result volumetrically by dissolving the residue 
in 3-5 cc of neutral alcohol and titrating with 0.02 N HjSO* to a faint red color, 
using methyl red indicator, II, 55(a). 
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The quantity of codeine found by weight will usually be slightly greater than 
that determined by titration. To insure the greatest possible accuracy in the 
volumetric operations, check the strength of the standard acid used by titration 
agaijist pure codeine. 

ACETANILID, CAFFEINE, AND QUININE— OFFICIAL, FIRST ACTION 

10 PREPARATION OP SOLUTION 

Proceed as directed under 8. 

11 DETERMINATION 

(a) Acetanilid and caffeine . — Proceed as directed under 7. 

(b) Quinine . — Combine the wash H20 used in the second separator under 8 
with the soln of quinine bisulfate, add a slight excess of NH4OH, and extract 
with three 50 cc portions of CHClj. Wash each portion with 5 cc of H2O in a second 
separator and pass thru a dry filter into a 200 cc Erlenmeyer flask. Distil by gentle 
heat to about 5 cc, evaporate on a steam bath to apparent dryness, dissolve the 
amorphous alkaloid in 5 cc of neutral alcohol, and titrate with 0.02 acid to a 
yellow color, using 2 drops of bromocresol purple indicator, 93. Heat on a steam bath 
until most of the alcohol has been expelled, adding, if necessary, sufficient acid to 
maintain the acid reaction. From the total number of cc of acid used in the titration 
calculate the quinine present. 1 cc of 0.02 A' acid = 0.007505 g of quinine (CsoH .402X5 
.3HiO) or 0.008726 g of quinine sulfate, (CioH .402X2)2 H2SO4. 71120, or 0.007825 g 
of quinine sulfate, (C2oH2402X2)2 H2SO4. 21120, or 0.007934 g of quinine hydro- 
chloride (C2oH2402XnHCl.2H20) or 0.007943 g of quinine dihydrochloride (C20H24- 
02X2.2HCi). 

If the mixture contains acetphenetidin in place of acetanilid, proceed as outlined 
above, except to conduct the separation of caffeine and acetphenetidin as dirticted 
under 17. 

ACETANILID, CAFFEINE. QUININE, AND MORPHINE^-OFFICIAL, FIRST ACTION 

12 PREPARATION OF SOLUTION 

Transfer to a separator a quantity (containing not less than 0.0 IG g of morphine) 
of the powdered sample and add 20 cc of HjO and 10 drops of Ilj8()4 (1 +9), Ex- 
tract with three 50 cc portions of alcohol-free CHC’b, wash each portion in a 8econ<l 
separator with 5 cc of 11 2O, and add the combined washings to the alkaloidal soln 
in the first separator. Filter the CHCI3 extracts thru a small, dry filter into a 200 
cc Erlenmeyer flask and distil by gentle heat to about 10 cc. 

13 DETERMIS'ATION 

(a) Acelanilid and caffeine . — Proceed as directed under 7, using the Oil CP 
extract obtained under 12. 

(b) Quinine . — Add to the soln of quinine and morphine sulfates, obtained under 
12, 4-5 cc of a 10% XaOH soln and extract with four 40 cc portions of CllCh. 
W ash each portion with 5 cc of HzO and pass the clear solvent thru a small, dry filter 
into a 200 cc Erlenmeyer flask. Remove the solvent by gentle distillation and titrate 
the residual quinine with 0.02 N acid as directed under 11(b), {If the morphine salt 
present is contaminated with codeine, the latter will be separated and titrated with 
the quinine.) 
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(c) Mor'phine . — Wash the filter used under (b) vfith 5 cc of HjO and add the wash- 
ings to the aqueous, alkaline eoln of the alkaloid. Add 0.5 g of NH^Cl (or a quantity 
slightly in excess of that required to free the morphine as well as convert all NaOH 
to NaCl), 45 cc of CHClj, and 5 cc of alcohol. Extract in the usual way, washing the 
solvent in a second separator with 5 cc of H2O. After clearing, pass the CHCU thru 
a small, dry filter into a 200 cc Erlenmeyer flask. Repeat the extraction with three 
40 cc portions of CHCh, washing and filtering as before. Collect all the solvent in an 
Erlenmeyer flask and distil to about 10 cc. Transfer with CHCI3 to a small beaker 
and evaporate to apparent dryness. Dissolve the residue in 1-2 cc of warm, neutral 
methyl alcohol; add a drop of methyl red indicator, II, 55 (a), and titrate with 0.02 N 
acid to a faint red color. Evaporate most of the alcohol on a steam bath and, if 
necessary, add from a buret sufficient of the 0.02 N acid to maintain the faint red 
color. From the total volume of 0.02 N acid used calculate the morphine present. 
To insure the greatest possible accuracy, check the strength of the standard acid 
used by titration against pure morphine. 

In the various operations involving fixation and subsequent liberation of mor- 
phine by means of fixed alkali and NH4CI, the most careful attention should be paid 
to the manner of adding the reagents, since any undue excess of either might nullify 
the entire procedure. Any large excess of NaOII would naturally require for its 
reduction a correspondingly large quantity of NH4CI, the latter in turn yielding its 
equivalent of hydroxide, relatively large quantities of which, thru interaction with 
NaCl, tend to inhibit any permanent liberation of alkaloid and thus prevent com- 
plete extraction. Furthermore, NH4CI in large quantity operates retentively on 
the morphine in soln, due in jiart possibly to the formation of an alkaloidal hydro- 
chloride. 


ACETANILID AND SODIUM SAIICYLATE^-OFFICIAL, FIRST ACTION 

14 PRKPAR.KTinX OF SOLUTION 

W'cigh a cpiantity of the powdered sample equal to, or a multiple of, an average 
unit dose (about 0.225 g of acetanilid); transfer to a separator containing 10 cc of 
II2O; and for every unit close add 0.1 g of solid NaHOOa. In the case of tablets 
and pills, ascertain tlieir average weight, powder in a mortar, and weigh a quantity 
of the powder equivalent to one or more tablets or pills for each determination. 
In the examination of alcoholic preparations, distil the alcohol from a measured 
volume on a steam batli, transfer to a separator with a minimum quantity of HjO, 
and add 0.5 -1.0 g of solid NaHCOs. 

15 determination 

(a) A cefrt/jffn/.- -Extract the alkaline soln obtained under 14 with three 50 cc 
])ortion8 of (TlCb; wash each portion with 5 cc of H^O in a second separator 
and collect the solvent, without previous drying, in a 200 cc Erlenmeyer flask. Re- 
serve the aqueous s(dn for the determination of Xa salicylate, (b). Distil the CHCI3 
very gently to about 5 cc, add 10 cc of HjSO* (1+9), and completely hydrolyze on 
a steam bath. Proceed from this point as directed under 7(b), beginning “Add 10 cc 
of HCl.” 

(b) Sodium salicylate . — Acidify the acpieous soln of Na salicylate, (a), with a 
few drops of HCl and extract 3 to 5 times with 25 cc portions of CHCls to exhaust 
the salicyclic acid present in the mixture. Treat each portion in a second separator 
with 20 cc of H3O containing 1 g of anhydrous NasCOa for every 0.1 g of salicylic 
acid. Shake vigorously, and after clearing wash each portion again in a third separa- 
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tor with 5 cc of HjO. Add the washinga to the main aqueous alkaline soln of Na 
salicylate. Dilute to a known volume; transfer an aliquot, representing about 
0.1 g of salicyclic acid, to a 200 cc Erlenmeyer flask; dilute to 60-75 cc; heat 
nearly to boiling; add slowly 50-80 cc of approximately 0.1 I soln, sufficient to 
insure an excess during digestion; and digest for an hour on a steam bath. Remove 
the free 1 with a few drops of NajSjOa soln and decant the clear liquid thru a weighed 
Gooch crucible, retaining most of the precipitate, tetraiodophenylenequinone 
(CgHsUOls in the flask. To the latter add 50 cc of boiling HjO, digest 10 min. on a 
steam bath, filter, and gradually wash all the precipitate into the Gooch crucible, 
using for this purpose and the final washing about 200 cc of hot HjO. Dry to con- 
stant weight in an air bath at 100°. Multiply the weight of the precipitate by 
0.4654 to obtain the quantity of Na salicylate present in the aliquot taken. 

Should the mixture contain caffeine or antipyrin, or both, these substances will 
appear with the acetanilid in the first CHClj extract and may be determined as 
directed in the remarks following 33(b). Should the acetanilid be replaced by acet- 
phenetidin in the mixture, the general procedure would not be materially altered, 
the acetphenetidin being weighed directly after recovery from its washed CHCli 
soln as separated from the Na salicylate. If, instead of Na salicylate, the mixture 
contains the free acid or its NH< salt, add a larger quantity of NaHCOs prior to 
extraction with CHCh to insure the fixation of salicylic acid. 

In the analysis of a mixture of caffeine, acetanilid, Na salicylate, and codeine, the 
following procedure is recommended: (1) Extraction of caffeine, acetanilid, and sali- 
cylic acid from the acidified soln; ( 2 ) washing the CHCU soln with aqueous NajCOs 
soln for the recovery of the salicylic acid, preliminary to its treatment with I soln; 
(3) separation of caffeine and acetanilid as directed under 7(a) and 7(b); and (4) 
recovery of codeine from the soln of its sulfate after treatment with NallCOj and 

ACETPHENETIDIN (PHENACETIN) AND CAFFEINE^— TENTATIVE 

16 PREPAR.\TIO\ OF SOLUTION 

In preparations containing acetphenetidin instead of acetanilid, but otherwise 
identical, make the gross separation of the caffeine-acetphenetidin mixture as di- 
rected under 6 . 

17 DETERMIN.^TION 

(a) Caffeine . — Treat the CHCb extract obtained under 16 with 10 cc of IfzSOi 
(I -j-O) and digest on a steam l)ath until the liquid is reduced to al)out 5 cc. Dilute 
with 10 cc of II 2 O and continue the digestion until the volume is again reduced to 
5 ce; again add 10 cc of HjO and continue heating until the residual liquid amounts 
to S-10 ce. The diluting and evaporating proces.s must be repeated until the odor 
of acetic acid can no longer be detected in the vapors. If, during the digestion, par- 
ticles of acetphenetidin remain on the sides of the flask, rinse them into the soln 
with a few drops of CIICI 3 . tGreat care must also be given to the degree of evapora- 
tion. Should the aqueous-acid soln and suspension of caffeine-acetphenetidin be 
concentrated much beyond the limits indicated, more or le.ss phenetidin sulfonate is 
likely to be formed, which later resists acetylation and conversion to acetphene- 
tidin.) Cool, transfer with ITjO to a separator .so that the final volume does not 
greatly exceed 20 cc, and proceed as directed under 7(a). 

(b) Acelpkenelidin . — Wash the filter used to dry the CIK'lj with 5 cc of HjO, re- 
ceiving the washings in the separator containing the soln of phenetidin sulfate. Treat 
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with Buccessive small portions of solid NaHCOj until, after complete neutralization 
of free acid, an excess of NaHCO* remains. Add 50 cc of CHCU, and for every 0.1 g 
of scetphenetidin known or believed to have been present, 5 drops of acetic anhy- 
dride. Shake vigorously, allow to clear, and withdraw the CHCU into a second sepa- 
rator containing 5 cc of H2O. Shake this mixture, and after clearing pass the solvent 
thru a small, dry filter into a 250 cc Erlenmeyer flask. Repeat the extraction twice 
with 50 cc portions of CHCh, washing each portion with the 5 cc of H2O in the 
second separator. Distil the combined CHCI3 extractions to about 10 cc, transfer 
the residual soln with sufficient fresh solvent to a weighed 50 cc beaker or crystalliz- 
ing dish, evaporate on a steam bath to apparent dryness, and finally remove any 
considerable excess of acetic anhydride by repeated additions and evaporations of 
1 cc of CHCI3 and a drop of alcohol. (The reformed acetphenetidin should finally 
appear as a whitish, crystalline mass with a faint, acetous odor that disappears 
completely on standing some hours in the open or over lime in a vacuum desiccator.) 
Weigh at intervals until the final weight differs from the preceding by not more than 
0.0005 g. 


ACETPHENETIDirr (PHENACETIN) AND SALOL« 

18 Acid Hydrolysis Method — Tentative 

(a) Acetphenetidin.— Vil eigh on a fared 5.5 cm filter a quantity of the sample 
equal to, or a multiple of, the average weight of a unit dose and wash with sufficient 
succe.ssive small portions of CllCla to extract completely all acetphenetidin and 
salol present in the mixture (about 40 cc). Collect the soln in a weighed, 100 cc 
beaker and evaporate on a warm plate (50 60°) to apparent dryness, using an air 
blast. Let stand 24 hours at room temp, to practically constant weight and weigh. 
By means of CIICL transfer the crystalline residue to a 50 cc lipped Erlenmeyer 
flask, evaporate the solvent by means of an air blast and gentle heat, add 10 cc of 
IljSOi (1+9) and evaporate on a steam bath until the volume is reduced one-half. 
Add 10 cc of II2O and continue the digestion as before. Add a second 10 cc of HjO 
and evaporate to 5 cc. Transfer the residue with about 20 cc of H2O to a small 
separator and extract the salol with 15, 10, and 5 cc of CHCL, washing each extract 
with 5 cc of H2O in a second separator to recover traces of phenetidin sulfate pos- 
sibly dissolved by the OHdlj. Add the wash water in the second separator to the 
solution of phenetidin sulfate in the first separator and proceed as directed under 
17(b), beginning with ‘^Treat with successive small portions of solid NaHCOj. 

(b) 6W.— Subtract the weight of acetphenetidin from the combined weight of 
the two ingredients to obtain the weight of salol. 

19 Alkaline Hydrolysis Method— ’Tentative 

(a) Acetphenetidin.— On a small, tared filter or in a small beaker weigh a quantity 
of the sample containing not more than 0.08 g of salol; exhaust with CIICI3 as di- 
rected under ISia); collect the solvent in a small, lipped Erlenmeyer flask; and 
evaporate the (HlClj by means of an air blast without heat. Add 10 cc of 2.5% 
NuOH soln arul heat 5 min. on a steam bath. Cool quickly to room temp, in running 
HiO to prevetit partial hydrolysis of the acetphenetidin. Transfer the liquid to a 
separator with a minimum quantity of HaO and rinse the flask with the first 20 cc 
portion of CHCl, to be used in the following extraction. Extract the alkaline soln 
with three 20 cc portions of OHCU; wash each portion in a second separator with 5 
cc of HjO, and pass the CHCU soln thru a small, dry filter into a 200 cc Erlenmeyer 
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flask. Reserve the combined alkaline soln and washings for the determination of 
salol (b). Distil the combined CHCU extracts to about 5 cc. Transfer by means of a 
little CHCI 3 to a small, weighed beaker or crystallizing dish, evaporate on a steam 
bath with the aid of an air blast, cool, and weigh the residual acetphenetidin at 
intervals until the weight becomes constant. 

(b) Salol. — ^Flace the reserved combined alkaline soln and washings under (a) 
in a 500 cc glass-stoppered bottle, dilute with H 2 O to about 200 cc, run in from a 
buret an excess (about 50 cc) of 0.1 N bromide-bromate soln, add 10 cc of HCl, 
and shake 1 min., then at intervals for 30 min. Add 10 cc of 15% KI soln and shake 
at intervals for 15 min. Titrate the free I with standard Na 2 S 203 soln previously 
standardized against the 0,1 N bromide-bromate soln, 26(c). 1 cc of 0.1 N bromide- 
bromate soln =0.001784 g of salol. 

ACETYLSALICYLIC ACID* 

20 Melting Point — Official 

If excipients are present, treat 0.2-0. 3 g with small portions of CHCU and filter 
into a beaker or evaporating dish. Evaporate the bulk of the CHCI 3 on a steam bath 
and complete by spontaneous evaporation until thoroly dry. To deter[iune the 
melting point of the crystalline residue use the U.S.P. method. 


21 Qualitative Test — O^ctail 

Shake a 0.5 g sample in a small Erleiimeyer flask with about 10 cc of CHCls and 
filter. Evaporate, treat the residue with 10 cc of cold H^O, and filter. Add 1 drop of a 
10% FeCls soln. Only a very faint violet color should result. 

Quantitative Method — Official 

22 REAGENTS 

(a) Standard salicylic acid soln. — Dissolve 0.01 g of salicylic acid in 100 cc of 
alcohol. Use only a freshly prepared soln. 

(b) Ferric ammonium sulfate.— Add 1 cc of normal HCl to 2 cc of 8% FeNH 4 - 
( 804 ) 2. 12 H 2 O soln and dilute with H 2 O to 100 cc. 

23 PREPARATION OF SAMPLE 

Weigh 100 tablets for average weight, triturate in a mortar to a fine powder, and 
keep in a tightly stoppered bottle. 

24 DETERMINATION 

In each of two colorimeter tubes mix 48 cc of H 2 O and I cc of the freshly pre- 
pared ferric ammonium sulfate. Shake 2.5 g of the powdered sample with exactly 

25 cc of alcohol and filter if necessary. Immediately add 1 cc of the filtrate to one of 
the colorimeter tubes and 1 cc of the standard salicylic acid soln to the other, and 
mix. Immediately and rapidly make color comparisons and calculate the free sali- 
cylic acid on the basis of the acetylsaiicyUc acid present. If the color is too intense 
for satisfactory comparison, repeat the entire determination, using a smaller weight 
of the powdered sample. 
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TOTAL SALICYLATES 

25 Iodine Method^ — Offi.cial 

Weigh a 0.1 g sample into a 200 cc Erlenmeyer flask, add 20 ce of HjO and 1 g 
of NajCOa, and heat on a steam bath for 15 min. Filter, if necesary, to remove talc. 
Dilute to 60-75 cc, heat nearly to boiling, add slowly an excess (50-80 cc) of ap- 
proximately 0.1 jV I soln, and proceed as directed under 15(b) (sodium salicylate). 
Multiply the weight of the precipitate by 0.4015 to obtain the total salicylic acid 
and deduct the free salicylic acid as determined under 24. Multiply the remainder 
hy 1.304 to obtain the weight of acetylsalicylic acid. 

Bromine Method — 0_^icial 

26 REAGENT.S 

(a) Sodium hydroxide soZn.— Dissolve 2 g of NaOH in HjO and dilute to 100 cc. 

(b) Potassium iodide soln. — Dissolve 20 g of K1 in H 2 O and dilute to 100 cc. 

(c) Standard bromide-bro7nate soln (0,1 N bromine soln). — Dissolve 3 g of KBrOa 
and 12 g of KBr in HjO and dilute to 1 liter. Standardize 30 cc of the Br soln by 
transferring to a glass-stoppered Erlenmeyer flask and adding 25 cc of HjO, 5 cc of 
KI soln, and 5 cc of HCl. Shake thoroly. Titrate with 0.1 N Na 2 S 203 soln, using 
starch indicator, VI, 3(e). 

27 DETERMJX.\TIOX 

Saponify a 0.5 g sample with 10 cc of the XaOH soln by heating for 15 min. on a 
steam bath. Dilute with II 2 O in a volumetric flask to 500 cc. Transfer an aliquot of 
this soln, representing not less than 0.04 g nor more than 0.05 g of acetylsalicylic 
acid, to a 500 cc glass-stoppered Erlenmeyer flask, add 30 cc of the standard bro- 
mide-bromate soln and 5 cc of HCI, and immediately imsert the stopper. Shake 
repeatedly for 30 min. and allow to stand for 15 min. Remove the stopper just 
sufliciently to introduce rpiickly 5 cc of the KI soln, taking care that no Br vapors 
escape, and immediately .stopper the flask. Shake thoroly, remove the stopper, 
and rinse it and the neck of the flask with a little H 2 O so that the washings flow 
into the fla.sk. Titrate with 0.1 -V NaiSjOs soln, using starch indicator, VI, 3(e). 
1 cc of 0.1 N bromide-bromate soln =0.0023 g of salicylic acid, or 0.003 g of acetyl- 
.salicyclic acid. 

Double Titration Method for Acetylsalicylic Acid^^ — Official 

28 lUlEPARATIOX OF SOLUTTOX 

(a) Dry extraction method {applicable vi all cases). — Treat a quantity of sample 
containing not less than 0.3 g of acetylsalicylic acid, accurately weighed, with small 
portions of ClICls, filter into a beaker, and wash the residue with CHClj until com- 
pletely extracted. Evaporate the bulk of the CHCU on a steam bath, finishing 
with the aid of an electric fan without heat. 

(b) Wet extraction jnethod {applicable in the absence of acids and alkalies, or alkaline 
earth carbonates). — Transfer the accurately weighed sample to a small separator con- 
taining fibout 20 cc of H 2 O. Shake out repeatedly with CHCb, using successively 
30, 25, 20, 1 5, 10, and 6 cc portions, and test for completeness of extraction by evap- 
orating on a watch-glass a portion of the final extraction. Filter the combined CHCU 
portions thru cotton and wash the fumiel and cotton withCHCU. Evaporate the 
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bulk of the CIIClj on a steam bath, finishing with the aid of an electric fan without 
heat, 

(c) Aceiylsalicylic acid and uncoated tablets containing no excipient . — Dissolve the 
sample directly in 10 cc of neutral alcohol, 

29 DETERMINATION 

Dissolve the dry CHCh extract in 10 cc of neutral alcohol and titrate immediately 
and rapidly with 0.1 N alkali soln, using phenolphthalein indicator. Use the first 
persistent pink color as the end point, since any slight excess of alkali has a tendency 
to hydrolyze the ester quickly. Add a volume of the 0. 1 N alkali equal to that used in 
the first titration and then add 5 cc more. Heat on a steam bath for 15 min. Titrate 
back with 0.1 N acid. If the product is pure, the total quantity of alkali consumed 
will be twice that of the first titration. Each cc of 0.1 N alkali consumed in the 2 
titrations = 0.009 g of acetylsalicylic acid. 

30 COMBINED ACETIC ACID IN ACETYLSALICYLIC ACID'i—OFFICIAL 

Weigh accurately 2 g of the powdered material and transfer to a separator, using 
about 25 cc of HjO. Extract completely with CHClj, testing the last extraction by 
evaporating a small quantity of the CHCb to dryness. (Usually 6 extractions with 
30, 25, 20, 10, 10, and 5 cc portions of CHCb arc sufficient.) Collect the CIICU 
fractions in a beaker and filter thru a pledget of cotton into a weighed beaker that 
has been counterpoised previously with a beaker cf the same dimensions, similarly 
dried, and exposed to the air. Wash the original beaker, funnel, and cotton with 
CHClj and add these wa.shings to the ('IICI3 soln in the weighed l^eaker. Evaporate 
the CnCU on a steam bath, dry the residue at 80® for 15 min,, and weigh, using the 
counterpoised beaker similarly treated. From the weight calculate the CHIClj 
extract. 

Treat the CHCb extract, or if no exci})icnts are present, 2 g of the powdered ma- 
terial, in a loO cc l^eaker with 30 cc of X XaOH and evaporate on a steam bath 
nearly to dryness. Transfer to a separator, using for this operation 10 cc of H2O, 20 
cc of 10% H2SO4, and finally two 5 cc portions of H2O. Extract with successive 
portions of CHCb, using the first fraction of 50 cc to rinse the beaker in which the 
saponification was carried on. Continue the extractions with CHCI3 until all sali- 
cylic acid is removed (about fi extractions). During these extractions keep the 
stopper in the separator to guard against loss of acetic acid by evaporation. Col- 
lect the CHC'U fractions in a second separator, wash with 25 cc of HjO, and wash 
this H2O once with 5 cc of ClH.’lj. Di.scard the (TICI3 extractions and return the 
wash HjO to the acid HjO in the first separator. Transfer the acid lIjO containing 
acetic acid and lUSOi to a 200 cc volumetric flask, wash the separators thoroly with 
n20,add to the flask, dilute to volume, and mix thoroly. Pipet two 50 cc portions, 
using the same pipet and draining it the same length of time. Place one portion in 
a receptacle suitable for titration and the other in a large Pi dish. Titrate the first 
portion at once with 0.5 .V alkali, using phenolphthalein indicator. Evaporate the 
portion in the Pt dish on a steam hath to dryness, take up in 10 cc of II zO, and again 
evaporate, repeating this process twice more. (During evaporation guard against 
contact with NH? vapors.) Take up the re.siduc in H2O and titrate with 0.5 N alkali, 
using phenolphthalein indicator. Hubtract the second titration reading from the first 
and calculate the percentage of acetic acid on a 0.5 g sample. 1 cc of 0.5 N alkali 
= 0.03002 g of acetic acid. 
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31 ACETYLSALICYLIC ACID IN MIXTURES CONTAINING ACETPHENETIDIN AND 

CAFFEINE12— OFFICIAL 

Ascertain the average weight of a number of tablets and reduce to a fine powder. 

Weigh accurately 0.2 g of the powder, transfer to a separator with about 25 cc of 
HiO, and extract carefully with repeated portions of CHCh. Test the final extrac- 
tion by evaporating a small portion on a steam bath to dryness. (No residue sjiould 
leinaici if the extraction is complete. About 6 extractions are generally required, and 
these can be made with 30, 25, 20, 10, 10, and 5 ce portions of CHCh.) Clollect the 
CHCla fractions in a separator and draw off into a 200 cc Erlcnmeyer flask, placing 
a pledget of cotton in the stem of the separator to filter the CHCh. Wash the sepa- 
rator twice with 5 cc portions of CHCh, passing this thru the cotton and leaving 
any HjO that may have separated in the separator. Add the OHCh washings to the 
flask and evaporate the CTlCh on a steam bath to a volume of about 2 cc. Add 10 cc 
of HaSOi (1+9), connect with a reflux condenser, and digest for 30 min., partially 
immersing the flask in a boiling water bath. Cool, and transfer to a separator, rinsing 
the condenser with CHCI3 and using a minimum quantity of H2O to effect the trans- 
fer, so that the final volume does not greatly exceed 20 cc. Extract the caffeine and 
salicylic acid with 0 portions of GHCI3, using 30, 25, 20, 15, 10, and 10 cc for the ex- 
tractions. Collect these fractions in a separator, add 20 cc of H 2 O and 1 g of NajCOj, 
and shake thoroly. Drain off the CHCIj into another separator and wash twice more 
with 15 and 10 cc of H2O. Reject the CHCb and combine the XaaCOa soln and wash 
waters in a 200 cc Erlenmeyer flask. Heat on a steam bath to expel traces of GHCI3, 
dilute to 100 cc with IIoO, then add slowly 25 40 cc of strong I soln (about 0.2 N), 
.sufficient to insure excess during digestion, and digest 1 hour on the steam bath. 
Remove the free 1 with a few drops of Na 2 S 203 soln. Decant the clear soln thru a 
weighed Gooch, retaining most of the precipitate in the flask. To the latter add 50 
cc of boiling II 2 O, digest 10 min. on the steam bath, filter, and wash gradually all 
the precipitate into (he Gooch, using altogether about 200 cc of hot 11 2 O to complete 
the operation. Dry to constant weight in an air bath at 100“ and weigh the precipi- 
tate of tetraiodophenylcnequinoiie, (C6H2[20)2. Weight of precipitate X0.4016 = 
the total salicylic acid present. If free salicylic acid is present, deduct from the total; 
the difference X 1.304 — the weight of acetylsalicylic acid. 

ANTIPYRIN AND CAFFEINEiJ— OFFICIAL, FIRST ACTION 

32 PREPARATION OF SOLUTION 

(a) Weigh a (luantity of the finely powdered sample eipial to, or a multiple of, 
an average unit dose; transfer to a filter and extract with CHCU to separate the 
caffeine and antipyrin from the usual excipients of tablet and pill combinations. 
Distil the greater part of the CHCflj and evaporate the remainder on a steam bath. 

(b) With alcoholic preparations, remove the alcohol from a measured quantity of 
the sam])le by heating on a steam bath. Extract the residue with three 50 cc por- 
tions of (XICU in a separator. Distil the greater portion of the CHCU and evaporate 
the remainder on a steam bath. 

33 DETERMIN.iTION 

(a) A nitpi/rtn.— Transfer the residue obtained under 32, which should weigh 
about 0.25 g, to a 125 cc separator by means of two 5 cc portions o.f alcohol-frec 
CHClj, followed by 10 cc of H 2 O. Add 1 g of NaHCOa and 10-15 cc of 0.2 jV I (or 
double the quantity of 0,1 A 1), adding the latter in small portions and shaking the 
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mixture vigorously after each addition. (The I should then be in excess of that re- 
quired to convert all the antipyrin into the mono-iodo derivative. If it is not, add a 
little more I and shake the mixture again.) Remove the free I with a small crystal 
of NajSjOs and add 15 cc of washed CHCU, shaking vigorously for 1 min. After 
clearing, draw off the CHCls soln into a second separator; wash with 5 cc of HjO, 
filter thru a small, dry filter into a weighed 50 cc beaker, and evaporate to apparent 
dryness on a steam bath, using an air blast. Repeat the extraction with two (3, if 
0.1 iV I has been used) 25 cc portions of washed CHCl,, wash, filter, and evaporate 
each portion as above. Recover any crystalline product separating about the tip of 
the delivery tube, funnel, and edge of filter by judicious washing with CHClj. Dry 
the nearly colorless, crystalline residue of caffeine and iodoantipyrin 30 min. at 100®, 
cool, and weigh. Designate this weight as “A.” 

The use of alcohol-free CIICli in connection with the lialogenation of antipyrin 
is necessary in order to preclude the formation of CHIj, the presence of which in the 
composite residue A would vitiate the result. 

Dissolve the composite residue in 5 cc of glacial acetic acid, add 10 cc of saturated 
SOi soln, and transfer with hot HjO to a 400-500 cc beaker until the final volume 
amounts to about 200 cc. Add sufficient AgNOj soln to precipitate all the I (about 
0.3 g of AgXOi) and a few drops of HNO,, heat nearly to boiling, and stir to ag- 
glomerate the Agl. Add 15 cc of HNO3, cover the beaker with a watch-glass, and 
boil gently for 5 min. Filter by decantation thru a weighed Gooch crucible; wash 
the precipitate once with a little alcohol, then with two 100 cc portions of boiling 
HiO; and finally transfer the silver iodide to the crucible. Wash several times with 
hot HjO and again with alcohol to remove traces of organic matter, dry 30 min. in 
an air bath at 110®, cool, and weigh. Weight of Agl X0.801 4 = the weight of antipyrin. 

(b) nc.— Multiply the weight of Agl by 1.3374 and subtract the product 

from the weight .4, under (a). 

In the analysis of a mixture containing caffeine, antipyrin, acetanilid, and Na 
salicylate, the following steps are essential in effecting a separation: (1) Extraction 
of caffeine, acetanilid, and antipyrin from the aqueous, alkaline soln with CllCh; 
(2) hydrolytic treatment with lIiSO* of the three substances thus separated pre- 
liminary to the determination of caffeine and antipyrin as directed under a. 

54 PILOCAKPIPfE HYDRO CHLORIDE It— OFFICIAL, FIRST ACTION 

Ascertain the average weight per tablet. Pulverize, mix thoroly, and weigh out a 
sufficient portion to represent 1 grain of the salt. Dissolve the sample in 10 cc of 
HjO, add 1 cc of 10% XH<OH, and shake out rapidly with 20 cc of ('HCIj. Repeat 
the extraction, using 15 cc of CHClj, and complete with successive 10 cc portions. 
Filter each portion of the CHCU drawn off thru a pledget of cotton and combine in 
a 250 cc beaker, finally washing the stem of the separator and funnel with GHClj. 
Evaporate on the steam bath until the chloroform soln measures about 5 cc. Add 
20 cc of 0.02 N HjSO* and evaporate the remainder of the CH(!lj. Titrate the excess 
acid with 0.02 N NaOH, using 1 drop of methyl red as indicator, (The end point is 
not particularly sharp, but with care it can be obtained.) 1 cc of 0.02 N HjS 04 = 
0.004893 g of CuHuOjNj.HCl. 

EMETINE HYDROCHLORLDB IN TABLETSi^OFFICIAL, FIRST ACTION 
35 PREPARATION OF SAMPLE 

Weigh collectively at least 50 unbroken tablets and calculate the average weight 
per tablet. Powder a representative number of tablets and mix thoroly. 
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3(1 DETERMINATION 

Transfer to a small separator sufficient of the powdered material, accurately 
weighed, to represent approximately 0.1 g of the alkaloidal salt. Dissolve in a 
minimum of HjO and add 5 cc of 4% NaOH soin. Extract with 30 cc of washed 
ether, draw off the aqueous soln, and swirl the separator to remove the H2O from 
the sides, Wash the ether with 1 cc of HjO, adding the wash H2O to the aqueous 
soln. Decant the ether into a third separator, washing the mouth of the separator 
with ether. Repeat the extractions with 25, 20, 15 and 10 cc portions of ether or 
until extraction is complete, washing with 1 cc of HjO each time, and combine the 
ether extracts in the third separator. Filter into a beaker thru cotton previously 
wet with ether, finally wash the separator with ether, and evaporate on the steam 
bath, using a low temp, to complete the evaporation. 

To the residue add 2 cc of neutral alcohol, cover the beaker with a watch-glass, 
and allow to reflux on the steam bath for a few min. Add a few drops of methyl red 
indicator, II, 55(a), and without dilution titrate with 0.02 N acid to a faint pink. 
Cover the beaker and digest on a steam bath until all particles are completely dis- 
solved. Cool, and add about 30 cc of recently boiled distilled HjO. Finish the titra- 
tion with standard acid to a faint red. 1 cc of 0.02 N H2SO4 = 0.005533 g of emetine 
hydrochloride (CJ9H40O4N2 .2HC1). 

37 ATROPINE IN TABLETSis— OFFICIAL, FIRST ACTION 

Weigh 25-100 tablets and introduce directly into a small separator. Dissolve in 
5-20 cc of H2O and add 1 cc of NH4OII. Add an equal volume of CHCh, agitate, 
and allow to stand until separation is complete. Draw off the CHCh layer into a 
second separator and repeat the extraction with fresh portions of the solvent until 
the alkaloid is completely removed. After combining all the fractions, wash the 
combined CHCb solns by agitation with 5 cc of H2O and allow to stand 15 min. 
Introduce a pledget of absorbent cotton into the stem of the separator and carefully 
draw off the CHCU soln into a small beaker, but do not allow the wash HjO to enter 
the orifice of the stopcock. Add 10 cc of CHClj, agitate, and when the HjO has en- 
tirely risen to the surface draw off the CHCh into the beaker. Wash the outer sur- 
face of the stem of the separator with a little CHCla, adding the washings to the 
beaker. Evaporate the soln on the steam bath to about 5 cc. Add a measured 
excess volume of 0.02 N HjSO^ and continue the evaporation until the odor of 
CHCli has disappeared. Cool the soln and titrate back with 0.02 N NaOH, using 
1 drop of methyl red indicator. 1 cc of 0.02 N HjSOi = 0.005784 g of atropine or 
0.006945 g of atropine sulfate. 


CINCHONA ALKALOIDS 

QUININE, CINCHONIDINE, CINCHONINE, AND QUINIDINE*^— TENTATIVE 
38 REAGENTS 

(a) Acidified Rochelle sail soln.— To each 100 cc of a saturated soln of Rochelle 

salt add 3 cc of 0.225 W HjSO^. 

(b) Washing sa/w.— Dilute (a) with an equal volume of H,0. 


39 determination 

Weigh a quantity ot the sample sufficient to give approximately 0 5 g of totol 
alkaloids, dissolve in 10% H.SO., filter it necessary, add an excess ot NH.OH, and 
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extract with CHCh until the alkaloids are completely removed. Evaporate the 
combined CHCI3 extractions on a steam bath, add 5 cc of absolute alcohol and 
again evaporate, dry at 110®, and weigh. 

Dissolve the residue in 50 cc of the 0.225 N heat on a steam bath for 10 

min., and make just alkaline (shown by a faint permanent precipitate) with a 5% 
soil! of NaOH added cautiously and with stirring. Add sufficient 0.225 N II2SO4 to 
clear the soln and then add 5 cc in excess. Add 25 cc of the Rochelle salt soln and 
stir to start precipitation. Remove from the steam bath and place in an ice box at 
t0-15“, stirring occasionally for 2 hours. Filter, and wash with 40 cc of the cold 
washing soln, using a small wash bottle and stirring the precipitate on the filter 
with a rubber-tipped glass rod to remove all soluble alkaloidal salts. Designate the 
combined filtrate and washings as soln “A” and save for determination of quinidine 
and cinchonine. Decompose the precipitate of quinine and cinohonidine tartrates 
with warm 10% H2S04 and transfer to a separator, washing the filter thoroly to 
remove all alkaloids. Make alkaline wuth NH4OH and remove alkaloids completely 
by successive extractions with CHCb. (Four extractions with 25, 20, 15, and 10 cc 
portions, respectively, are usually sufficient.) Evaiiorate the combined CHCli ex- 
tractions in a w^eighed beaker containing a little sharp sand, add 5 cc of absolute 
alcohol, evaporate to dryness on a steam bath, heat for '6 hours at 100®, cool, and 
weigh the mixed anhydrous alkaloids, quinine and cinchoiiidine. Add exactly 1 cc 
of the 0.225 .V HsSO* for each 0.015 g of alkaloids and wlien completely dissolved 
transfer the soln to a polariscope tube, filtering if necessary. Use the longest tube 
possible, reducing its capacity when only small quantities of soln are available by 
inserting a straight tube of small bore slightly shorter than the ])olariscope tube and 
fastened securely as to center. Use a bichromate filter and correct the instrument 
for the operator’s eyes. Great precision is necessary for accurate determinations. 
Read at 20“ and calculate to a basis of a 100 mm tube. If the Ventzke scale is used, 
calculate to angular degrees by multiplying the reading l)y the factor 0.114057. 

(a) Quinine . — Calculate the percentage of quinine in the total anh3ulrous alka- 
loids obtained in the tartrate separation from the followdng formula, which is based 
on the specific rutation.s of {piiiilne (—277.4°) and cdiudionidine ( — 180°) and the 
observed rotation of thi mixed alkaloids at 20° calculated to a 100 mm tube. 

Q = (— 68.44) (.0+2.7), in which 

Q == percentage of quinine in the total anhydrous mixed alkaloids obtained in the 
tartrate separation; and 

a = the observed angular rotation, calculated to a 100 mm basis. 

fb) Cinchonidine . — Determine cinchonidine by difference. 

Calculate these results to percentage basis of original sample. 

(c) Quinidine . — Place soln A on a steam bath for 10 iriin., add 0.5 g of KI, re- 
move from the steam bath, and place in the ice box at 10-15° for 2 hours, stirring 
occasionally. Filter on a weighed Gooch crucible and wash with 15 cc of ice HiO, 
saving the filtrate and washings (soln B). Dry the precipitate of neutral quinidine 
liydriodide at 100° for 1 hour (a slight yellowing does not affect the results), cool, 
and weigh. Weight of quinidine hydriodidcX0.717 = weight of anhydrous quinidine 
alkaloid. 

(d) Cinchonine . — Transfer soln f{ to a separator, make alkaline with NII«OII and 
extract completely with CIICI3. Combine the CHCIj extractions in a weighed beaker 
containing a trace of sharp sand, add 5 cc of absolute alcohol, evaporate to dryness, 
heat at 100° for 1 hour, cool, and weigh as anhydrous cinchonine alkaloid. 
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40 Constants of Cinchona Alkaloids 


ALKA.LOID 

SriCIFIC iiotation in 
^ Ali^LUTlii ALCUllUl, 

APPROXIMATE 
SOLVrttLITV IK ETHER 1 

THALLEIOQUIN TE&T* 

Quinine 

levo 

108“ 1 

1 g in 19 cc 

Positive 

Quinidine 

dextro 

256“ 

1 g in 67 cc 

Positive 

Cinchonine 

dextro 

225° 

1 g in 526 cc 

Negative 

Cinchonidine 

levo 

108“ 

1 g in 188 cc 

Negative 


* Tlialhioquin Test: Atld 1 or 2 dropfl of Br water to 5 oe of an ajiueous soln of tim alkiiloidal salt fl io 1000) and 1 ce of 
NftOfl (10%). Tbe linuiii acriuires an emerald-green color due to Llie formation of tlialieioquin. 


41 EPHEDRA ASSAY 13— OFFICIAL 

Place 10 g of ephetlra, in fine powder, in an Erlenineyer flask. Add exactly 100 cc 
of solvent consisting of 3 volumes of ether and 1 volume of CHCh cooled to work- 
ing temp, after mixing. Stopper securely, shake, and allow to stand at least 5 min. 
Add 5 cc of 10% NH<OH and O.d g of anhydrous NaiCOj, stopper tightly, and 
macerate for at least 4 hours, with occasional shaking. Decant or filter rapidly a 50 
cc aliquot of the clear supernatant liquid representing 5 g of the drug, transfer to a 
separator, and shake with 3 portions of 2% H2SO4, using 15, 10, 10 cc, etc., until the 
extraction is complete. Combine the acid solns in a separator, neutralize with 
XH4OH, and add about 5 g of anhydrous Na2C03, stirring until dissolved. Shake 
with 5 portions of ether, using 35, 30, 25, 20 and 15 cc, until extraction is complete, 
and combine the ether portions in a second separator. When clear, decant and filter 
into a .small beaker thru a pledget of cotton previously wet with ether. 

Evaporate the solvent to 5 cc volume on the steam bath with the aid of a fan, 
and add bromothymol blue indicator, VI, 108(e), and a measured excess of 0,02 N 
112804. Cover with a watch-glass, return to the steam bath in order to dissolve any 
alkaloid adhering to the sides of the beaker, and then evaporate the ether. Titrate 
the e.xcesa acid with 0.02 alkali. 1 cc of 0.02 A acid =0.0033 g of ephedra alkaloids. 

EPHEDRINE IN INHALANTS^*— OFFICIAL, FIRST ACTION 

42 determination 

Weigh accurately into a small tared beaker, 5-10 g of the sample. Add 10 cc of 2% 
H1SO4, stir, and allow the mixture to stand about 15 min. Transfer to a small sep- 
arator (automatic extractor optional), rinsing the beaker with small portions of 
ether. Shake gently, and traiisfer the acid layer to a second separator. Shake with 
3 successive 10 cc portions of 2% H2SO*, rinsing the beaker with ether each time. 
Test for complete removal of alkaloid. 

Neutralize the combined acid soln with NH4OH, and add 5 cc in excess. Extract 
the soln with 30 cc of washed ether, transfer the aqueous layer to a second separator, 
and w'ash the ethereal extract with 1 cc of HjO, adding the washings to the main 
aqueous soln. Swirl the ether in order to remove HjO adhering to the side of the 
separator. After all the HjO has been removed, filter the mixture into an Erlcnmeyer 
flask thru a pledget of cotton wet with ether inserted in a small funnel. Repeat the 
extraction with liberal portions of washed etber at least4 times, or until the alkaloid 
is removed completely, washing each portion with the same 1 cc of H2O. Evaporate 
the ether to a volume of 10 cc on a steam bath with moderate beat by the aid of a 
current of air. 
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Remove from the bath. Add bromothymol blue indicator, VI, 108(e), and a 
measured 'excess of 0.02 N HjSO<. Add about 40 cc of COj-free HjO, cover with a 
watch-glass, return to the steam bath in order to dissolve the alkaloid adhering to 
the sides of the flask, and evaporate all the ether. Titrate the excess acid with 0.02 
N' NaOH, using standard indicator, pH 6.0, for comparison. 1 cc of 0.02 N acid 
*0.0033 g of ephedrine. 

EPHEDRINE IN TABLETS«>— OFFICUL, FIRST ACTION 

43 pkepahation of sample 

To determine the average iveight per tablet, count and weigh 100 tablets or a 
number representative of the lot. 

44 DETEKMINATION 

Weigh not less than 20 tablets. Powder in a mortar, weigh accurately a quantity 
equal to about 0.12 g of the alkaloidal salt, and transfer to a separator. Dissolve in 
the minimum quantity of HiO, then add 5 cc of NH4OH. 

Extract the soln with 30 cc of washed ether. Transfer the aqueous layer to a sec- 
ond separator. Wash the ether extraction with 1 cc of HjO, adding the washings to 
the main aqueous soln. Swirl the ether in order to remove H2O adhering to the side 
of the separator. After all the H2O has been removed, filter into a beaker thru a 
pledget of cotton wet with ether inserted in a small funnel. Repeat the extraction 
with liberal portions of ether at least 4 times, or until the alkaloid is removed com- 
pletely, washing each portion with 1 cc of HjO. Evaporate the ether to a volume 
of 10 cc on a steam bath with moderate heat before a fan and proceed as directed 
under 42, beginning with “Remove from the bath. Add . , to end of paragraph. 
1 cc of 0.02 K acid =0.0043 g of ephedrine hydrochloride, 0.00428 g of ephedrine 
sulfate, and 0.0033 g of ephedrine. 

METHENAMINE (HEXAMETHYLENETETRAMINE) IN TABLETS ‘^TENTATIVE 

45 REAGENT 

Modified Nedsler*^ reagent. — (1) Dissolve 10 g of HgCU, 30 g of KI, and 5 g of 
acacia in 200 cc of HjO, and filter thru a pledget of cotton; (2) dissolve 15 g of NaOII 
in 100 cc of H|0; (3) mix 20 cc of soln (1) with 10 cc of soln (2). 

46 PREPARATION OF SAMPLE 

Ascertain the weight of 20 or more tablets, triturate in a mortar to a fine powder, 
and keep in a small capsule tightly closed with a cork or glass stopper. 

47 DETERMINATION 

Weigh 0.5 g of the powdered product on a metal scoop or watch-glass, transfer to 
a round-bottomed flask, and add H2O to a total volume of 100 cc and finally 26 cc 
of HCl (1 -1-2.5), Connect with a reflux condenser (preferably of the worm type) and 
boil gently for 16 min. Cool, wash the condenser tube with a little HjO, and transfer 
the contents of the flask quantitatively to a 250 cc volumetric flask, finally diluting 
to the mark with HiO. Chill 30 cc of the modified Kessler’s reagent, 45, and add 
a 10 cc aliquot of the hydrolyzed soln of the sample. Wash down the neck of the con- 
tainer with a jet of HjO and allow to stand for at least 1 min. Add 10 cc of acetic 
acid (1 -{-1.5) in such a manner that the inside of the neck is completely washed by 
the reagent, mix quickly and thoroly by rotating and tilting the flask, and immedi- 


558 



DRUGS 


XXXIX 


ately add from a buret 20 cc of 0.1 N I solo. Titrate the excess I with 0.1 H NajSaOa 
soln, adding 5-10 drops of starch indicator, VI, 3(e), toward the end of the opera- 
tion, to the disappearance of the blue coloration. The final color of the soln is a pale 
straw-green. If preferred, the end point may be determined by the reappearance of 
a faint blue coloration by the addition of a drop of the I soln. 1 cc of 0.1 I soln = 
0.001168 g of methenamine. 

METHYLENE BLUE (METHYLTHIONINE CHLORIDE)>!^-OFFICIAL 

48 PREPABATION OF SAMPLE 

(a) Tablets , — Weigh separately at least 20 tablets to ascertain the variation in 
weight. Weigh collectively all unbroken tablets and calculate the average weight 
per tablet. Powder finely in a mortar at least 10 tablets or 5 g of methylene blue and 
protect from moisture in a weighing bottle. 

(b) Capsules . — Count and weigh a representative number of capsules and ascer- 
tain the gross weight per capsule. Open the capsules and transfer as much as possible 
of the contents to a weighing bottle. Deduct the weight of the cleaned, empty cap- 
sules from the gross weight and calculate the average net contents. To clean the 
gelatine capsules cut in two if necessary and wash by agitating with alternate por- 
tions of alcohol and ether. Repeat until thoroly clean, finally removing the ether 
before a fan or air blast. A few drops of glacial acetic acid mixed with the alcohol 
aids in the cleaning. 

49 PREPAEATIOX OF SOLUTION 

(a) Foreign material absent . — Weigh into a 50 cc beaker 0.1-0.14 g of the pre- 
pared sample, 48, and transfer to a 200 cc volumetric flask with 100-140 cc of II 2 O, 
Dissolve completely by heating on a steam bath, with frequent shaking, for 30 min. 

(b) Oils or waieT-insoluhle material present . — Transfer to a 150 cc beaker a weighed 
quantity of the prepared sample, 48, corresponding to 0.1-0.14 g of methylene 
blue. Add 15 cc of CCU, warm on a steam bath a few rain., and stir with a glass rod 
to dissolve the oils. Transfer to a 100 cc separator, using about 50 cc of hot H 2 O and 
a little CCi4 if necessary. Cool, shake, and allow to separate. Transfer the CCI4 with 
the undissolved material into a second separator for further treatment. (A clear 
aqueous soln of the dye should now remain in the first separator. If not clear, ex- 
tract with another 15 cc portion of CCU, transferring in a similar manner any re- 
maining insoluble material to the second separator.) Add about 10 cc of CCi 4 to 
the second separator and remove the methylene blue by shaking vigorously with 
20-40 cc portions of HjO until practically no more dye is extracted. (A few drops 
of glacial acetic acid hastens this extraction.) To the aqueous extracts in a 400 cc 
beaker add the main soln from the first separator, cover with an inverted watch- 
glass on glass rods, and evaporate to a volume of about 50 cc. Proceed as directed 
under (c). The CCU soln may be reserved for qualitative tests for oils. 

(c) Water-soluble material present . — Use either the aqueous soln from (b), or a 
weighed portion of the sample corresponding to 0.1-0.14 g of methylene blue. Dis- 
solve completely by heating on a steam bath in a 150 cc beaker with about 50 cc of 
HiO for 30 min., shaking occasionally. Transfer to a 100 cc separator, keeping the 
volume as small as possible. Extract with dichlorhydrin, using 10, 5, 3, and 2 cc por- 
tions. Combine the dichlorhydrin extracts in a 200-300 cc separator, add 3 or 4 
times their volume of CCI4, and extract the dye with HjO by repeated vigorous 
shaking with 30-50 cc portions. A few drops of glacial acetic acid hastens the re- 
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moval. F^pm the combined aqueous extracts remove any traces of dichlorhydrin by 
shaking once with about IS cc of CCU, which is drawn off after settling for ff-10 min. 
Evaporate the aqueous extracts to about 50 ce over a flame, covering the beaker as 
in (b) with an inverted watch-glass. Transfer to a 200 cc volumetric flask. Dissolve 
completely by heating on a steam bath with frequent shaking for 30 min. 

SO UETERMIN'ATION’ 

Conduct a blank in the same manner as the determination, including the filtra- 
tion. Cool the soln from 49(a) or (c), add 50 cc of glacial acetic acid, shake thoroly, 
and allow to stand at least 25 min. Add from a buret a total of 30 cc of 0.2 N I sola, 
adding the first 10 cc by fast drops with constant rotating of the flask and the re- 
maining 20 cc at full speed, and continue the shaking. Stopper the flask and allow 
to stand 50 min., shaking thoroly 5 or 6 times during the interval. Dilute to the 
mark with HjO, shake, and let stand 10 min. longer. Filter rapidly thru a dry, 
folded, 12 cm filter paper. Titrate a 100 cc aliquot with 0.1 N NajS^Oj soln with or 
without starch indicator, as desired. Correct for the number of cc required to titrate 
the blank run in the same way. 1 cc of 0.2 N I soln =0.01495 g of methylene blue 
(Ci,Hi8X,C1S.3H<,0). 


51 CAMPHOR^OFFICIAL 

Weigh accurately into a 400 cc round-bottomed Pyrex flask, a sufficient quantity 
of the powdered material to contain approximately 2 g of camphor. Add 10 cc of 
benzol and 10 cc of 11 jO and connect the flask with an apparatus for steam distilla- 
tion. Use an 8-12 in. bulb condenser, well cooled, the outlet of which reaches to the 
bottom of a 200 cc flask. Distil with steam, collecting the benzol and about 100 cc 
of aqueous distillate. Disconnect the condenser and wash it slowly with 5 cc of alco- 
hol from a pipet in such a manner as entirely to wet ihe inside of the condenser. 
Wash the condenser in the same manner with 10 cc of benzol. Add both washings 
to the contents of the receiver. Saturate the distillate with NaCl, add sufficient 
H2SO4 (1 -(-9) to insure acidity, transfer to a separator, shake, and separate the two 
layers. Rin.se the original receiver with 10 cc of benzol and with the rinsings re- 
extract the aqueous soln. Separate the aqueous layer and extract it once more with 
10 cc of benzol. Wash the combined benzol portions with 10 cc of saturated salt 
soln rendered distinctly alkaline with NajCOj. Separate the layers and extract the 
aqueous layer with 10 cc of benzol. Discard the aqueous solns, transfer the benzol 
portions to a 50 cc volumetric flask, and make up to the mark with benzol. Shake 
the soln and filter it into a 200 mm polariscope tube, using a water-jacketed tube, 
if necessary, in order to maintain a constant temp, of 20“. Make 10 readings, using 
a bichromate filter, and take the average reading for calculating the camphor. Cal- 
culate the quantity of camphor (Q) contained in the 50 cc of benzol and, therefore, 
in the sample taken, from the average reading in circular degrees (a) by the follow- 
ing formula: 


f,>=0.6171fl-0.0022aU 

The value of Q does not vary directly with the length of the tube. If a longer or 
shorter tube than directed is used, correct the value of o to a 200 mm tube, and 
then make the calculation by the above formula,*^ 
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MONOBROMATED CAMPHOR IN TABLETS 

Method I. ‘^—Official 

52 REAGENT 

(Sodium amalgam . — Cut about 1 g of bright metallic Na into small pieces and dis- 
solve in 100 g of warm Hg contained in a small porcelain mortar by impaling the 
pieces successively on the point of a file and holding them submerged in the Hg 
until the rather violent action is complete. Keep the resulting amalgam in a tightly 
corked bottle. 

53 PREPABATION OF SAMPLE 

Count and weigh a suitable number of tablets to ascertain the average weight; 
reduce them to a fine powder and keep in a tightly stoppered bottle. 

54 DETERMINATION 

Weigh a portion of the powdered sample corresponding to 0. 1-0.2 g of mono- 
bromated camphor, and transfer quantitatively with 20 cc of alcohol and 10 cc of 
HjO to a small (100 cc) round-bottomed flask containing 15 g of the Na amalgam. 
Connect the flask by means of a rubber stopper with a vertical condenser. Boil the 
mixture gently over a wire gauze at least 30 min. Cool slightly and wash out the 
condenser tube with 5 cc of alcohol and 5 cc of HiO, receiving the washings in the 
flask. Place the flask on a steam bath and heat for another hour, or until the evolu- 
tion of II has nearly or quite ceased. Toward the latter part of this operation, to 
facilitate the reduction, render the liquid about neutral with a few drops of acetic 
acid. Transfer the contents of the flask to a separator, preferably of the Squibb 
type, withdrawing the Hg into a second separator and washing it with at least two 
50 cc portions of H2O. Pass the several aqueous solns quantitatively thru a small 
filter, collecting the clear filtrate in a suitable beaker. Precipitate with 10% AgNOj 
soln, add about 5 cc of HNOj, and filter, collecting the .\gBr on a weighed Gooch 
crucible. Wash with H2O and alcohol, dry at 100®, and weigh. The weight of AgBr 
X1.23=the quantity of monobromated camphor originally present in the portion 
taken for analysis. Kun a control on the amalgam to determine whether any cor- 
rection is necessary. 

M ethod I Tentative 

55 PKEPAKATION OF SAMPLE 

Proceed as directed under 53. 

56 DETERMINATION 

Weigh in a small beaker a quantity of the powdered sample equivalent to about 
0.2 g of monobromated camphor, add 25 cc of alcohol, warm on a steam bath, and 
filter into a flask (jireferably about 250 cc capacity and provided with a ground-in 
condenser), washing both beaker and filter with warm alcohol. Add 50 cc of alco- 
holic KOH soln, XXXI, 22, and 25 cc of alcoholic AgNOs soln (0.2 g in 50 cc of 
alcohol), and connect with the reflux condenser. Boil gently 1.5 hours, adding at 
intervals thru the condenser 25 cc more of the alcoholic AgNOs soln. Cool, and trans- 
fer the contents of the flask to a large evaporating dish. Dilute to 200 cc and decant 
into a beaker, washing the sediment of Ag20 with HjO by decantation. Boil the 
aoln 5 min, with 1 g of Zn dusUo clarify; filter into another beaker, washing thoroly 
with HjO, and add HNO3 to decided acidity and 0.1 .V aqueous AgNOj soln to com- 
plete precipitation. When the AgBr has agglutinated filter on a weighed Gooch 
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crucible, wash with H 2 O and alcohol, dry at 100“, and weigh. Weight of AgBrXl.23 
= the quantity of monobromated camphor originally present in the sample taken 
for analysis. Run a control on the reagents used. Correct for the presence of halo- 
gens if necessary. 

NITROGLYCERIN^— OFFICIAL, FIRST ACTION 

57 REAGENT 

Alcoholic potassiujn hydroxide . — Dissolve 15 g of KOH in ethyl alcohol and dilute 
with alcohol to 100 cc. 

58 APPARATUS 

(a) Connecting hulh . — Hopkins style, about 7.6 cm (3 in.) in diameter. This 
style has a long inlet tube with an opening on the side of the tube. 

(b) Condenser. — Water-cooled, length about 56 cm (22 in.), and preferably of 
Pyrex glass. 

(c) Adapter tube . — About 2.25 cm (f in.) in diameter at the top and with narrow 
outlet. 

(d) Scrubber-trap . — Any efficient trap in whi(;h all the vapor is w\ashed thoroly 
with H 2 O before it leaves the distilling flask. (See Fig. 48.) 

DETERMINATION' 

59 Method /, 

(a) Place in a 50 cc beaker a sufficient quantity of the weighed sample to yield 
about 0.0324 g of nitroglycerin. If the sample consists of tablets, count those taken; 

if of powdered material, mix thoroly before weighing. 
Add 10 cc of ether, and to facilitate extraction reduce 
the tablets to a fine powder by means of a glass stir- 
ring rod having a flattened end. Stir thoroly. Decant 
the ether thru a dry 7 cm quantitative filter paper 
into a 250 cc beaker containing 10 cc of alcohol. 
Hold the fdter paper in place in the funnel with the 
stirring rod and pour the ether down the rod. Make 
four additional extractions in the same way. Dissolve 
the ether-insoluble residue in a small quantity of 
H 2 O, transfer the solii to a separator, and extract it 
twice with 10 (‘c portions of ether. Filter these ex- 
tracts, add them to the first extracts, and evaporate 
the combined solns to a volume of alamt 10 cc by 
means of a fan. 

(b) Transfer the alcoholic soln containing the 
nitroglycerin to an 800 cc Kjeldahl flask, rinsing the 
beaker first with 10 cc of alcohol and then with a 
little II 2 O. Dilute to about 300 cc with recently 
boiled and cooled NHj-free HjO and place the flask 
on a wire gauze with an asbestos center. Add 2 g of 
Devarda alloy (by means of a funnel), about 4 cm of 
heavy (about 16 gage) At wire, and 10-15 cc of the 
alcoholic KOH soln. Immediately after adding the 
alkali, place a little HjO in the scrubber trap and 
insert into the flask the rubber stopper carrying the 
connecting bulb and trap. Connect the outlet tube of 
the connecting bulb with the water-cooled condenser, 
which has been fixed in an upright position fitted with 
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the adapter dipping to the bottom of a 500 cc Erlenmcycr flask containing a meas- 
ured volume (about 25 cc) of 0.02 N acid (HCl or H2SO4) and 10-15 cc of II2O, and in- 
clined in such a way that the tip of the adapter is submerged as far as practicable 
under the surface of the liquid in the flask. Heat the distillation flask for about 1 
hour, using a small flame and regulating the heat applied so that rapid evolution of 
H — but no appreciable distillation — takes place. Gradually increase the heat until 
distillation begins; when active foaming ceases, continue the distillation with a large 
flame until all but about 40 cc of the liquid in the distilling flask has distilled over. 
Lower the flame toward the end of the distillation to avoid cracking the flask. Re- 
move the receiver containing the distillate, add sufficient methyl red indicator, II, 
55(a), to make the sola red, and titrate the excess of acid with 0.02 N NaOH soln. 
From the difference between this excess and the quantity added, after making such 
correction as may be shown to be necessary by a blank test with the same quantity 
of reagents and distilled in the same manner, calculate the percentage of nitroglyc- 
erin in the sample. 1 cc of 0.02 N acid neutralized by the ammonia = 0.001514 
g of nitroglycerin. 

60 Method II, 

Place in a glass- stoppered Erlenmcycr flask a sufficient quantity of the sample, 
accurately weighed, to yield about 0.0648 g (1 grain) of nitroglycerin. If the sample 
consists of tablets, count those taken; if of powdered material, mix Ihoroly before 
weighing the portion taken for analysis. Add 50 cc of alcohol by means of a pipet. 
To facilitate extraction reduce the tablets to a fine powder with a glass stirring rod 
flattened at one end. Stopper the flask and shake. Allow the mixture to settle, trans- 
fer a 25 cc aliquot of the clear soln to an 800 cc Kjeldahl distilling flask, dilute to 
about 300 cc with the NHj-free H2O, and proceed as directed in 59(b). 

ELIXIR OF TERPIN HYDRATE TENTATIVE 

61 REAGENTS 

(a) Salt 5oln , — Dissolve 20 g of common salt in HjO and make to 100 cc, or dilute 
3 volumes of saturated salt soln with 1 volume of H2O. 

(b) Alcohol-chloroform soln . — CHCL containing 5-7% by volume of alcohol. 

62 DETERMINATION 

Measure 10 cc of the sample into a separator and dilute with 25 cc of the salt 
soln. (The quantity to be weighed should be approximately 0,2 g, and the dilution 
with salt soln should he such as to reduce the alcoholic content to about 10-15% 
by volume before extraction with alcohol-chloroform.) Extract successively with 
six 15 cc portions of alcohol-chloroform, separating the CHCL layer carefully each 
time so that none of the watery layer will he carried thru with the CHCL. Collect 
all the CHCU fractions and wash twice with the salt soln, using 15 cc for the first 
washing and 6 cc for the second. Wash each salt washing with a 5 cc portion of alco- 
hol-chloroform, adding this portion to the original CIICI3 extracts. Filter the com- 
bined CHCli extracts containing the terpin hydrate in soln thru a plug of cotton 
into a 100 cc low-form, tared beaker, being sure that the separation from salt wash 
water is perfect. Evaporate off the CHClj at room temp, with the aid of an air blast. 
Use no heat in the evaporation. Wipe off the beaker when the CHCIj is entirely 
gone, allow to stand in the balance for 10 min., and weigh. Do not dry in a desiccator 
because terpin hydrate loses H2O under these conditions. Report as g per 100 cc. 
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OPIUM ALKALOIDS 
MORPHINE IN TABLETS^’ 

63 Qualitative Tests — Oficial 

(1) To the residue or tablet add HNOj. An orange-red color fading to yellow is 
produced. 

(2) To an aqueous soln add a few drops of a 10% KsFelCN)® soln and then a 
drop of a 10% FeCU soln. A deep blue soln results; a blue precipitate separates on 
standing. 

(3) See Microchemical Tests, 179. 

Quantitative M ethod — Oficial 

64 REAGENT 

Alkaline sail soln . — Dissolve 30 g of NaOH in HjO, dilute to 1 liter, add NaCl 
to saturation, and filter. 

65 tkeparation of sample 

To ascertain variation in weight, weigh separately at least 20 tablets. Also weigh 
collectively a representative number of unbroken tablets and calculate the average 
weight per tablet. To insure representative sampling in tablets containing more 
than ^ grain of alkaloid, pulverize about 20 tablets, mix the powder thoroly, and 
protect it from moisture in a weighing bottle. 

66 DETERMINATION 

Transfer to a small separator a sufficient number of the tablets, or powdered 
material equal to a multiple of the average weight per tablet, to represent approxi- 
mately 0.15 g of the alkaloid. Moisten with 5 cc of H 2 O, shake gently, and then dis- 
solve completely by adding 10 cc of the alkaline salt soln. To the alkaline salt soln, 
add a small piece of litmus paper and then 11 Cl, drop wise, until it is neutral. Add 
10 drops in excess. Add 5 cc of alcohol, carefully neutralize with NH4OH dropwise, 
and then add 5 drops in excess. Invert the separator and open the stopcock to in- 
sure neutralization of residual acid. Immediately extract, at least 6 times, with 
CnClj-alcohol solvent (90 + 10), using 30, 20, 20, 10, 10, and 5 cc, or until the 
alkaloid is completely removed. Test for the complete extraction of the alkaloid. 
Make an additional extraction with 10 cc of the CHCb-alcohol solvent, evaporate 
the solvent in a separate beaker, dissolve the residue in a few drops of methyl alco- 
hol, add a drop of methyl red, II, S5(a), and dilute with 20 cc of HjO, carbonate 
free. (A yellow color indicates incomplete extraction.) Titrate, and add the quan- 
tity thus obtained to the total. Combine the CUCb-alcohol extractions in a second 
separator, into the stem of which is inserted a pledget of cotton w'et with CHCU- 
Wash the combined extractions with 1 cc of H 2 O. When clear, filter into a small 
beaker. Extract the w'ash H 2 O twice with small portions of the CiKds-alcohol sol- 
vent. Evaporate on a w^ater bath, using an electric fan to prevent decrepitation of 
the residue. When dry, remove immediately and complete the determination by 
one of the following procedures: 

(1) To the alkaloidal residue add 2-3 cc of methyl alcohol, cover the beaker with 
a watch-glass, and heat on a steam bath until the residue, including any portions 
thereof that may adhere to the upper part of the beaker, is completely dissolved. 
Add 2 drops of the methyl red indicator and, without dilution with HjO, titrate 
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carefully with 0.02 N H 2 SO 4 to a faint pink, avoiding an excess. Cover the beaker 
and digest on a steam bath until all particles are completely dissolved. If more than 
2 ce of alcohol is added, evaporate the excess. Cool, and dilute with 50 cc of boiled 
HiO. (The soln should now be yellow.) Finish the titration with the standard acid 
to a faint red. 

(2) Dissolve the residue in 2-3 cc of methyl alcohol on a steam bath. Add 2 
drops of the methyl red indicator and then add from a buret 5-10 cc excess of 0.02 N 
HjSO^, noting the total quantity used. Cover the beaker with a watch-glass and 
heat on a steam bath until the residue, including any portions thereof that may 
adhere to the upper part of the beaker, is completely dissolved. Dilute with 50 cc of 
cold, previously boiled H 2 O. Titrate back with the 0.02 N NaOH soln. The H 2 O 
and alkali should be sufficiently free from carbonates to insure a sharp end point 
with methyl red. 1 cc of 0.02 N acid = 0.007513 g of morphine hydrochloride, CnHij- 
O 3 NHCI. 3 H 2 O, or 0.007585 g of morphine sulfate, (Ci7Hi903N)2H2S04.5H20. 

Alkaloids other than morphine are extracted by CHCb, while morphine remains 
in the fixed alkali soln. In general, this separation is unnecessary. If the tablets are 
of unknown composition or atropine or scopolamine is present, shake the alkaline 
salt soln with 10 cc portions of washed CHClj (use ether for the separation of atro- 
pine). Transfer the clear solvent to a small beaker and evaporate on a steam bath. 
If a residue is obtained, apply the usual tests. 

67 APOMORPHINE IN TABLETS^o -OFFICIAL, FIRST ACTION 

Weigh a number of tablets equivalent to about 0.065 g (1 grain) of the alkaloid 
or of its salt and dissolve in 10 cc of H 2 O in a separator. Add 1 cc of a freshly pre- 
pared saturated soln of NaHCOs and 25 cc of peroxide-free ether, and shake the 
mixture. After separation, draw off the lower layer into a second separator and 
transfer the ethereal layer to a third separator. Extract the mixture in the second 
separator repeatedly with 15 cc portions of ether until the alkaloid has been com- 
pletely removed, using the second and first separators alternately for the shaking, 
and collecting all the ethereal soln in the third. Discard the aqueous soln. Wash the 
ethereal soln of the alkaloid 3 times with 5 cc portions of H 2 O, uniting the aqueous 
washings in a clean separator. Extract these washings with a little fresh peroxide- 
free ether. Discard the aqueous portion, wash the ether with H 2 O, discard the wash- 
ings, and add the washed ether to the main portion of the ethereal soln. Add 20 cc 
of 0.02 X II 2 SO 4 to the ethereal soln of the alkaloid in the separator and shake the 
mixture thoroly. Transfer the mixture to a beaker, wash the separator twice with 
5 cc portions of II 2 O, adding the washings to the acid liquid in the beaker, and with- 
out delay evaporate the ether at a low temp., preferably on the water bath with the 
aid of a blast of air. Titrate the excess of acid with 0.02 X NaOH, using one drop of 
methyl red indicator, II, 55(a). 1 cc of 0.02 X H 2 S 04 = 0.00025 g of apomorphine 
hydrochloride, CnllnOsNHCl + ^HsO. 

CODEINE IN TABLETS^' 

68 Qualitative Tests — Official 

(a) To the residue or tablet add HNOj. A yellow color is produced. 

(b) To 3 cc of an aqueous sola (1-1-200), add a few drops of a 10% K3Fe(CN)9 
soln and 1 or 2 drops of FeClj soln. A green color is produced. 

69 Quantiiative Method — Official 

Transfer to a small separator a sufficient number of tablets, or powdered material, 
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65, equal to a multiple of the average weight per tablet, to represent approximately 
0,15 g of the alkaloid. Dissolve in a minimum of HjO, not to exceed 5 cc, acidified 
with 2 drops of HCl. Add solid NaHCOj until neutralized, then a slight excess, and 
extract 5 times with CHCU, using 30, 20, 20, 10, and 5 cc. Test for complete extrac- 
tion of the alkaloid. Make an additional extraction with 10 cc of CHCh ; evaporate 
the solvent in a separate beaker; dissolve the residue in a few drops of methyl alco- 
hol; add a drop of methyl red indicator, II, 55(a); and dilute with 20 cc of HjO, 
carbonate free. A yellow color indicates incomplete extraction. Titrate, and add 
the quantity thus obtained to the total. Combine the CHCU extractions in a second 
separator, into the stem of w^hich is inserted a pledget of cotton wet with CHCU. 
Wash the combined extractions with 1 cc of HaO containing 1 drop of Nn40H and 
proceed as directed under 66, beginning with “Evaporate on a water bath." 1 cc of 
0.02 N HaSO* = 0.00787 g of codeine sulfate, (CisHjiO^N^ljH.SOi.SHjO, or to 
0.00849 g of codeine phosphate, CisH^iOjNHsPOi. l^HjO. 

DIACETYLMORPHINE (HEROIN) IN TABLETS^^ 

70 Qualitative Test — Official 

Heat about 0.1 g with 1 cc of H2SO4 and 1 cc of alcohol. Ethyl acetate, readily 
recognized by its odor, is formed. 

71 Quantitative Method — Official 

Weigh and transfer directly to a small separator a number of tablets representing 
approximately 0.15 g of diacetylmorphine. Dissolve in 5 cc of H5O containing 1 
drop of acetic acid. Add 1 cc of NH4OH and extract 5 times with CHCU, using 30, 
20, 10, 10, and 5 cc, respectively. Combine the CHCI, extracts in a second separator, 
into the stem of which is inserted a pledget of cotton wet with CHCU- Wash the 
combined extraction with 1 cc of lUO and proceed as directed under 66, beginning 
with “Evaporate on a water bath.” 1 cc of 0.02 .Y H1SO4 = 0.008473 g of diacctyl- 
morphine hydrochloride, CjiHuOiNHCl. H2O. 

IPOMEAW— TENTATIVE 

72 DETERMINATION' OE RESIN 

Place 10 g of the drug in a No. 60 powder in an Erlenmeyer flask of about 250 cc 
capacity and add 50 cc of alcohol. Fit the flask wdth a stopper thru w'hich is inserted 
a glass tube about 1 m long to act as a condenser, and heat the mixture on a gently 
simmering steam bath for 30 min., shaking occasionally. Transfer the contents of 
the flask to a small percolator and percolate slowly with warm alcohol until about 
95 cc of tincture has been obtained. To ascertain w’hether extraction is complete, 
collect a further 10 cc of percolate and pour a few' drops into cold H2O; if more than 
a faint cloudiness appears, continue the percolation w'ith w'arm alcohol until the test 
for resin fails. Concentrate the additional percolate by evaporation and add the 
residue to the flask before making up to volume. Cool the percolate to room temp, 
and make up the soln to 100 cc with alcohol. Mix well. 

Evaporate 25 cc of the prepared tincture (representing 2.5 g of drug) to dryness 
on the water bath in a beaker or flask of suitable size and dry the residue until it is 
free from alcohol. Add 15 cc of H2O, bring the mixture to boiling, allow to cool about 
3 min., and stir well with a flat-headed glass rod for 2 min. to insure thoro washing 
of the resin. Cool the mixture by placing the container in a jar of ice-cold HaOand 
decant the wash HjO onto a 9 cm filter paper. Repeat the washing of the resin with 
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another 15 cc portion of HgO, boiling and cooling the mixture, kneading the resin 
as before, and decanting the washings onto the filter, as described previously. Re- 
peat the washing and kneading process with hot H 2 O a third time. Dissolve the 
residue in the container in 10 cc of warm alcohol and pour the soln onto the filter, 
collecting the liltrate in a weighed beaker or flask. Use sufficient hot alcohol in small 
portions to completely transfer the soln of the resin to the filter and insure thoro 
washing of the filter. Evaporate the combined filtrate and washings to apparent 
dryness, add 1 cc of absolute alcohol, and evaporate the solvent, taking care to 
rotate the container in an inclined position as the last portions of the solvent are 
dissipated. Dry the residue at SO*’ to constant weight. 

73 JAI.AP32-TENTATIVE 

Proceed as directed under 72. 

74 PODOPHYLLUM^— TENTATIVE 

DETERMINATION OF RESIN 

Place 10 g of the sample in a No. 60 powder in an Erlenmcyer flask of about 250 
cc capacity and add 35 cc of alcohol. Fit the flask with a stopper thru which is in- 
serted a glass tube about 1 m long to act as a condenser, and place the flask on a 
gently simmering steam bath for 30 min,, shaking occasionally. Transfer the con- 
tents of the flask to a small percolator and percolate slowly with hot alcohol until 
about 95 cc of jiercolate has been obtained. Collect about 10 cc more of the percolate 
in a separate container. Cool the first percolate to room temp, and make up the 
volume to 100 cc with a portion of the second percolate. 

Place 50 cc of the alcoholic soln in a tared beaker and add 2 cc of H 2 O. Evaporate 
until the percolate weighs 3 g. If the weight should fall below 3 g, add alcohol drop- 
wise to make up to 3 g. Pour the residue slowly, with constant stirring, into a second 
beaker containing 10 cc of H 2 O previously mixed with 1 cc of normal HCl and cooled 
to a temp, below 10°. (Pellets of ice placed in the beaker and renewed from time to 
time serve well.) Add 5 cc of H 2 O and a few drops of 10% HCl to the tared beaker, 
stir well, and rub the sides of the container with a glass rod. Add the mixture to 
the second beaker and allow to stand overnight in a refrigerator. Decant the super- 
natant liquid into a tared Gooch crucible and transfer the precipitate to the crucible 
by means of smalt portions of cold H 2 O slightly acidulated with HCl. (If preferred, 
collect the precipitate on a filter paper and, after washing, dissolve in hot alcohol, 
collecting the soln in the tared beaker.) Dry the contents of the crucible at 80® and 
weigh. If particles of resin adhere to either beaker, dis.solve them in alcohol, evapo- 
rate the solvent in the tared beaker, and dry the residue at 80®. Cool, weigh, and 
add the total net weight to the weight of the contents of the crucible. 

75 ALOIN3*— TENTATIVE 

(Apj)licable to mixtures containing cascara, rhubarb, senna, and other acid 
hydrolyzable anthraglucosides, as well as to resins and phenolphthalein, with 
aloin or aloes.) 

Dry a sufficient quantity of the powdered material for 1 hour at 110° (or of a 
deiilcoholizcd soln if a liquid) to insure approximately 0.3 g of aloin. Add 10 cc of 
HjO and a few cc of 5% NaOH soln. Transfer the mixture to a 100 cc volumetric 
flask, dilute to about 75 cc and make acid with H 2 SO 4 , working rapidly as aloin is 
attacked by alkali. Dilute to mark, and add a few glass beads if much undissolved 
material is present. Shake occasionally during an hour to insure soln of aloin. Filter, 
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and transfer a 40 cc aliquot to which has been added 10 cc of 10% HjSOi (by 
weight) to a continuous extraction apparatus which has been previously charged 
with CHCU, (A, Fig, 49). Reflux to exhaustion (about 2 hours). Disconnect the ap- 
paratus and transfer all the aqueous soln to a separator, discarding the ClICU. 
Saturate the soln with salt and shake out with 30 cc portions of CHCb-alcohol 
mixture (S + l)- Test for complete removal of aloin by evaporating a portion of the 
6th extraction. (More extraction may be necessary.) Shake violently. 

Combine the extracts and wash with 1 cc of H 2 O, to which is added 1 g of sodium 
acid carbonate, or more if necessary to insure an excess. Filter, evaporate, add 5 cc 
of CHCI3, evaporate, dry at 110° for 1 hour, cool, and weigh rapidly. Weight =aloin 
in aliquot taken. 

As a check, acetylize the aloin. This may be done by dissolving in acetic anhy- 
dride (about 10 cc), adding an excess (about 2 g) of powdered anhydrous sodium 
acetate and boiling for 5 min. in an acetylation flask placed in an oil bath. Wash 
sample from flask with additional acetic anhydride and evaporate to a])parent dry- 
ness in a hood with a good draft. Add 10 cc of H^O and heat for several minutes. 
Transfer with the aid of CHClj to a separator, washing the flask with successive 
portions of CHCI3, and shake out with two additional 10 cc portions of CHCI3 
(the aloin hexaacetate formed is soluble in CHCI3). Combine and filter, evaporate, 
add 10 cc of CIICI3, evaporate, dry at 110° for 1 hour, cool, and weigh. Weight 
XO. 615 = aloin. 


PHENOLPHTHALEIN IN TABLETS 
Ether Exiraction Method^ — Official 
(Not applicable in the presence of other ether extractives.) 

76 PREPARATION OF SAMPLE 

Count and weigh a number of tablets to ascertain the average weight, grind to 
a fine powder, and mix thoroly. 

77 DETERMINATION 

Weigh a portion of the powdered material representing about 0.1 g of phenol- 
phthalein, transfer to a separator by means of 10 cc of 5% NaOH soln and a little 
II 2 O, and extract 3 or 4 times with ether, using 25 cc for the first and 20 cc for each 
subsequent c.xtraction. Transfer the ether extracts to a second separator and wash 
twice with 5 cc of the 5% NaOH soln, (Substances like quinine, acetanilid, acet- 
phenetidln, as well as any unsaponified fatty material or mineral oil, if present, will 
be removed by extraction with ether.) Combine the alkaline solns and acidify with 
ilCl. Extract with ether as before, until all the phenolphthalein has been removed, 
as determined by testing a portion of the ether soln with NaOH (after 4 or 5 ex- 
tractions). Filter the ether extractions into a weighed beaker, evaporate, dry the 
residue at 100°, and weigh. The residue should be soluble in alcohol, showing ab- 
sence of most oils. If titrated with 0.1 N NaOH, the alcoholic soln should be prac- 
tically neutral, showing absence of acid extractives, like fatty acids and salicylic 
or benzoic acid. 

PHENOLPHTHALEIN IN CHOCOLATE PREPARATIONS^^— TENTATIVE 

78 REAGENTS 

(a) Iodine soIh.— D issolve 20 g of KI in a minimum quantity of HjO, add 14 g 
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of I, and when dissolved dilute to 120 cc. Add sufficient KOH soln (l-hl) to dis- 
charge the I color. 

(b) Sodium sulfiie sohi . — Dissolve 15 g of NajSO* in IljO and dilute to 100 cc. 

79 PRBPAHATION OF ALCOHOLIC EXTRACT 

To a 1 g sample in a 50 cc volumetric flask, add about 35 cc of 95% alcohol; boil 
gently for about 20 min., rotating the flask occasionally, cool, and make up to 
volume with alcohol. Mix thoroly, filter thru dry paper, covering the funnel with 
a watch-glass to avoid evaporation, pipet a number of aliquots of 10 cc each into 
250 cc beakers, and evaporate to dryness on the steam bath. 

80 DETERMINATION 

Take up the residue in alkali by moistening with about 1 cc of KOH soln (1+1) 
and add a little HjO. When the residue is completely in soln add a piece of ice 
(about 40 g), 4-4.5 cc of the prepared I reagent, and HCl from a buret, dropwiae, 
using a stirring rod (beaker is not rotated) to complete precipitation. Then make 
alkaline by adding dropwise the strong KOH soln from a buret until soln is effected 
(except for the small quantity of fatty material that remains undissolved). Repeat 
the process 3 or 4 times. Then add 1 or 2 cc of the NajSOi soln to the alkaline soln 
and filter the ice-cold mixture thru a Gooch crucible into a tall 250 cc beaker, using 
a bell jar arrangement and washing several times with distilled HaO. Acidify the 
filtrate with HCl, using a few cc in excess, and heat on the steam bath for 20-30 
min. Collect the coagulated precipitate in a weighed Gooch crucible, wash a few 
times with HjO, and when sucked fairly dry wash several times with petroleum 
ether. Dry the precipitate in the oven (120-140®) to constant weight. Weight of 
precipitateX0.3872 = weight of phenolphthalein. 

SALICYLIC ACID IN THE PRESENCE OF OTHER PHENOLS^'— TENTATIVE 

81 PREPARATION OF SAMPLE 

FoU'ders . — Weigh into a volumetric flask such a quantity of the material that 
an aliquot of 25-50 cc will contain approximately 0.13 g of phenol. If acid, make 
alkaline with 4% NaOH, adding 25 cc in excess, fill to mark with HjO, and shake 
well. 

Liquids , — Proceed as directed under 82. 

82 DETERMINATION 

Transfer to a separator a sufficient quantity of soln to represent about 0.13 g of 
phenol. Acidify with 10% HiSO< and extract with ether, using 20, 15, 15 and 10 cc 
portions, respectively, until extraction is completed. Combine the ether in a second 
separator. Shake with a saturated NaHCOj soln, using 15, 15 and 10 cc portions, 
and finally shake with 15 cc of HjO. Combine the NaHCOj soln and the washing 
and extract the soln with 15 cc of ether. Add the latter to the main bulk of ether 
and reserve for the phenol determination. Acidify the NaHCOi soln with HCl. 
Extract with CHClj-ether solvent (2 + 1), using 30, 25, 20 and 10 cc, respectively, 
until the salicylic acid is completely removed. Filter the solvent into a beaker 
thru cotton previously saturated with CHCl*. Evaporate to 5 cc on a covered 
steam bath with the aid of an electric fan, allowing the last 5 cc to evaporate 
spontaneously. Dissolve the residue in 10 cc of neutral alcohol and titrate with 
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0.1 N NaOH, using phenolphthalein as indicator. 1 ec of 0.1 N NaOH =0.01381 g 
of salicylic acid, C4H4OHCOOH. 

83 MENTHOL»«— OFFICIAL, FIRST ACTION 

Weigh 5 g of menthol in an acetylation flask of 100 cc capacity, and add 10 cc 
of acetic anhydride and 1 g of powdered anhydrous Na acetate. Boil the mixture 
gently for 1 hour, cool, and disconnect the flask from the condenser, transferring 
the mixture to a small separator. Rinse the acetylation flask with 3 successive 5 cc 
portions of warm distilled HjO and add the rinsings to the separator. When the 
liquids have completely separated, remove the aqueous layer, and wash the remain- 
ing oil with successive portions of NaiCOj soln (12.5 g in 100 cc of HjO), diluted 
with an equal volume of distilled H 2 O, until the mixture is alkaline to 2 drops of 
Phenol phthalein soln. Dry the resulting oil with fused CaCl? and filter. Transfer 4-5 
cc of the dry acetylated oil to a tared 100 ce Erlenmeyer flask, note the exact weight, 
add 50 cc of 0.5 N alcoholic KOH, connect the flask with a reflux condenser, and 
boil the mixture on a water bath for 1 hour. Allow the mixture to cool, disconnect 
the flask from the condenser, and titrate the excess of alkali with 0.5 N HjS 04 , using 
10 drops of the phenolphthalein soln as indicator. Calculate the percentage of men- 
thol by the following formula; 

„ r 1 . 1 AX7.808 

Percentage of total menthol =— — . 

^ B-(AX0.021) 

A is the result obtained by subtracting the number of cc of 0.5 JV HjSOi required 
in the above titration from the number of cc of 0.5 N alcoholic KOH originally 
taken; B is the weight of acetylized oil taken. 

THYMOL®— OFFICIAL, FIRST ACTION 

84 Quantitative Method 

Weigh 2 g of pulverized thymol, transfer to a 500 cc volumetric flask, and add 25 
cc of 25% NaOH soln. Agitate until the thymol is dissolved and dilute to mark at 
20“ with H 2 O. 

Method 7: Transfer a 25 cc aliquot of the thymol soln to a 250 cc glass-stoppered 
Erlenmeyer flask, add 20 cc of hot HCl (1 + 1), and immediately run in 1-3 cc less 
than the theoretical amount of 0.1 N Br soln, 26(c). Warm to 70-80“, add 2 drops 
of methyl orange soln (0.1 g in 100 cc of HjO) and titrate slowly with the Br soln, 
swirling vigorously after each addition. When the red color of the methyl orange is 
bleached, add 2 drops of the titrating soln, stopper, shake vigorously for 10 seconds, 
add a drop of the methyl orange soln, and again shake vigorously for 10 seconds. 
Continue the addition of 2 drops of the Br soln, shaking until the red color dis- 
appears. Then add 1 drop of the methyl orange soln, shake vigorously, and if the 
red color does not disappear, repeat the alternate addition of 2 drops of Br soln and 
1 drop of methyl orange soln, shaking after each addition as directed above, until 
the red color disappears. Calculate the number of cc of Br soln used to percentage of 
thymol. 1 cc of 0.1 JV Br soln =0.003753 g of thymol. Reserve the mixture in the 
titrating flask for Method II. 

Method II: To the cooled mixture resulting from the titration according to 
Method 1, add 3-5 cc additional Br soln. Stopper, shake, add 1 g of solid KI, wash 
sides of flask and stopper with distilled HjO, and titrate the I liberated by the ex- 
cess Br soln with 0.1 A thiosulfate soln, using starch soln, VI, 3(e), as indicator. 
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Calculate the amount of thiosulfate used in terms of Br sob, deduct from the total 
amount of Br sob added, and calculate to percentage of thymol. 

To determine the approximate number of cc of Br sob required for Method /, 
heat a mixture of a 25 cc aliquot of the sample and 20 cc of HCl (1 4*1) to about 80“ 
and titrate slowly with the Br sob, swirling vigorously while titrating until a yellow 
color, permanent for 1 min., appears. 

85 THYMOL IN ANTISEPTICS<»-TENTATIVE 

If the alcoholic content is not known, make a preliminary determination of al- 
cohol. 

Transfer 50 cc (or an aliquot containing 0.05-0.10 g of thymol) to a Ft or por- 
celain evaporating dish. Add 6-7 cc of 50% NaOH sob, noix well, and carefully de- 
alcohoUze by placing the dish on the steam bath before an electric fan. Evaporate a 
volume slightly more than the quantity of alcohol present. (If over 30% of alcohol 
is present, dilute with HiO to an alcoholic content of 25%. In no case should the 
evaporation be carried beyond 70% of the original volume.) Transfer to a 125 cc 
separator, washing out the evaporating dish with sufficient HjO to bring the vol- 
ume to about 75 cc. 

Extract the alkaline sob twice with petroleum ether, using 20 cc each time. Wash 
the other extracts once with 5-10 cc of 5% NaOH sob and add the washings to the 
aqueous layer. Extract the aqueous alkaline sob containing the thymol, together 
with sodium salts of boric, benzoic, and salicylic acids, with ethyl ether, making 5 
extractions (20, 15, 15, 10, 10 cc). Use 8 to 10 extractions if the preparation contains 
glycerol. 

Combine the ether extracts, transfer to a 250 cc glass-stoppered Erlenmeyer flask, 
add 5 cc of recently prepared alcoholic KOH sob, XXXI, 22, and evaporate most of 
the ether, using the .steam bath and an electric fan. Do not evaporate entirely to 
dryness but leave 6-8 cc residue. To this residue add 75 cc of hot HjO (80 90°) and 
10 cc of HCl. 

Immediately run in 1-3 cc less than the theoretical quantity of 0,1 iV bromide- 
bromate sob, 26b), swirling the contents of the flask constantly. Now add 2 drops 
of methyl orange soln and titrate slowly with the bromide-broinate sob, shaking 
vigorously after each addition. When the red color of the methyl orange is bleached, 
add 2 drops of the titrating sob, stopper, shake vigorously for 10 seconds, add one 
drop of methyl orange sob, and again .shake vigorously for 10 seconds, Continue 
the addition of bromidc-bromate sob, 2 drops at a time, and shake after each ad- 
dition until the red color disappears. Then add 1 drop of methyl orange sob, shake 
vigorously, and if the red color does not disappear, repeat the alternate addition of 
2 drops of the bromide-bromate soln and 1 drop of methyl orange soln, shaking 
after each addition, as directed above, until the red color disappears. 1 cc of 0.1 N 
bromide-bromate = 0.003753 g of thymol. 

Test for complete extraction by shaking out the aqueous layer twice with 15-20 
cc of ether and titrating the thymol, if any, in the ether extracts. Add this titration 
to that obtained for the main ether extract. 

If the theoretical amount of thymol present is not known, add 2 drops of methyl 
orange soln, and titrate slowly, swirling constantly during the addition of bromine 
soln until the red color is bleached. Then continue according to the method out- 
lined, beginning at the phrase; ^'Add 2 drops of the titrating soln, stopper, and 
shake vigorously . . 
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Caution: Both ike evaporation of alcohol and the later evaporation of ether must he 
done very carefullVt in order to avoid loss of thymol by volatilization, 

PYRAMIDOW (AMINOPYRINE) 

86 Qualitative — OjSUcial 

(a) Dissolve 0.01 g of the sample in 2 cc of HjO and add a few drops of yellow 
HNOs (containing nitrous acid). A purplish blue colored soln is produced. 

(b) Dissolve 0.01 g of the sample in 2 cc of H2O and add 1 cc of a 10% FeCU soln. 
A purple to violet color develops, but it becomes red on the addition of H2SO4 
(1+9). 

(c) Dissolve 0.1 g of the sample in 2 cc of H2O and add a few drops of a 5% 
AgNOj soln. After a few seconds a purple to violet color is produced and on standing 
a deposit of metallic Ag results (useful for detecting pyramidon in antipyrin). 

(d) Dissolve 0, 1-0.2 g of the sample in 2 cc of II 2O, add 1 or 2 drops of a 0.2% 
soln of NaNOj and a few drops of HsSO^ (1+9), and shake for a few seconds. 
A purplish blue color develops, then gradually disappears, leaving a colorless soln. 
A large excess of NaNOj should be avoided as it destroys the color (useful for de- 
tecting antipyrin in presence of pyramidon). On addition of a few more drops of the 
NaN02 soln and the dilute H2SO4 a yellowish green colored soln remains after the 
disappearance of the purple coloration if antipyrin is present. 

87 Quantitative Method^"^ — Official 

Pulverize the material in a mortar and mix the powder thoroly. Place 1 g of the 
sample in a 100 cc volumetric flask, add 00 cc of N H(>1, and shake for several min. 
to insure complete soln of the pyramidon. Make up to the mark with N HCI. Filter, 
if not clear, thru a dry filter, rejecting the first part of the filtrate. Pipet a 20 cc 
aliquot of the soln, or filtrate, into a separator; make distinctly alkaline with either 
NH4OH or with 5% NaOH; and shake out with 20, 1.5, 10, 10, and 5 cc portions of 
CHCI3. Combine the CIICU extracts in a second separator and wash with 2 cc of 
II2O. Filter the CIICI3 soln into a weighed beaker thru a pledget of cotton saturated 
with CHCIa. Extract the wash HjO with 5 cc of CHCI3 and add this to the combined 
CnClj extracts. Evaporate the united CHCb extracts just to dryness on a water 
bath with the aid of an electric fan and dry the residue in an oven at the temp, of 
boiling H20 for 10 min. Cool in a desiccator, and weigh as pyramidon. Identify the 
pyramidon by means of its melting point and qualitative tests. 

PROCAINE 

88 Qualitative Tests*"^ — O^cia^ 

(a) Dissolve 0.1 g of the sample in about 10 cc of H2O. Add 2 cc of a 5% KMnO^ 
soln. Warm, if necessary. Reduction occurs with evolution of gas having the odor 
of acetaldehyde (distinction from cocaine, which does not readily reduce KMnOi). 

(b) Dissolve about 0.005 g of the sample in 3 cc of H2O and add a few drops of 
Mayer’s reagent, I76(n). \Yith procaine a white precipitate is formed, which dis- 
solves after the addition of a few cc of H2SO4 (14-49). (The precipitates with sto- 
vaine and cocaine arc not readily soluble in dilute H:S04.) 

(c) Dissolve about 0.1 g of procaine in 2 cc of IDO. From a buret add 25 cc of 
0.1 N NaOH. (A white precipitate is formed which dissolves in an excess of the 
NaOH when heated.) Heat the soln for 25 min. on a steam bath. Upon cooling the 
soln, extracting with CHUla, .and evaporating the solvent, no residue should be 


573 



XXXIX 


METHODS OF ANALYSIS 


obtained. (Stovaine does not readily hydrolyze, and a residue giving an alkaloidal 
reaction remains upon evaporation of the CHCI3.) 

Quantitative Methods 

89 Method /. — Oficial 

(This method determines as procaine any p-amino-benzoic acid formed from the 
decomposition of procaine.) 

Dissolve a quantity of the sample equivalent to about 0.1 g of procaine hydro- 
chloride in 5 cc of H2O in a 50 cc beaker. Add 25 cc of 0.1 N NaOH and heat on 
a steam bath for 25 min. Cool, and transfer the soln to a 500 cc glass-stoppered 
flask. Add 50 cc of standard bromide-bromate soln, 26(c), dilute with H20 to 250 
cc, add lOccofHCl, and stopper the flask immediately to avoid loss of Br, Shake 
the flask occasionally and allow to stand for 30 min. at room temp., keeping the 
flask tightly stoppered, (It is necessary that a large excess of Br be present, as shown 
by a bright yellow color.) Add quickly 10 cc of 20% KI soln, stopper, and shake the 
flask. Allow to stand for 15 min., shaking occasionally. Titrate the excess 1 with 
0.1 .V Na2Si03 soln, using starch indicator, VI, 3(e). Titrate to disappearance of 
the blue color (the blue color that reappears on standing should lie disregarded). 
1 cc of 0.1 N bromide-bromate soln -0.00454 g of procaine hydrochloride (CisHjo* 
O2N3.HCI). 

90 Method II.— Official 
(Determines only undecomposed procaine.) 

Weigh a quantity of the powder or the number of tablets equivalent to about 0.2 
g of procaine. Dissolve in 10-15 cc of H2O, transfer the soin to a separator, and add 
about 3 cc of NHiOH. Extract the ammoniacal soln 4 or 5 times with CHCI3, using 
15 cc for the first extraction and 10 cc for the subsequent extractions. Filter into a 
weighed beaker and evaporate the CHCb by means of an electric fan, preferably at 
room temp., avoiding prolonged heating of the procaine base, as it appears to be 
slightly volatile at 100°. Take up the residue with a slight excess of 0.1 A or 0.02 A 
acid. Titrate the excess of acid with 0.02 A' NaOII, using methyl red indicator. 

IccofO.l N H2SO,=0.0272GgofC,3TUO3Nj.HCl 
1 cc of 0.02 A^ H^SO* =0.00545 g of IICI 

013112003X2X1.1544=: procaine hydrochloride (novocaine). 

91 STRYCHNINE IN TABLETS** -OFFICIAL 

(Other alkaloids absent.) 

Count and weigh sufficient tablets (or pills) to represent 1 grain of the alkaloidal 
salt and transfer to a small beaker. If the color on coated tablets interferes with the 
indicator in titration, wash without removing the strychnine. Add 10 cc of 5% IK'l, 
disintegrate the tablets with a stirring rod, warm on the steam bath about 10 min., 
cool, and transfer to a separator with not more than 10 cc of H2O. To remove all tlio 
strychnine, add to the beaker 2 cc of 10% NIIA)!! and 25 cc of CIICI3, rinse, and 
add to separator. Then rinse the beaker with the portions of ClKfls to lie used for 
each extraction. Extract 5 times with (ilKfli, using 25, 20, 15, 10, and 5 ce portions, 
or until the alkaloid is completely removed. Combine the first two extractions in a 
second separator, into the stem of which has been inserted a pledget of absorbent, 
cotton wet with CHClj. Wash with 5 cc of H2O containing a drop of NIIiOlI (1+2). 
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When clear, filter the CHCla portion into a Bmall beaker. Wash each successive 
CHCI3 extract with the same wash water and filter in a similar manner into the 
main portion, finally washing the OTiter surface of the stem of the separator with a 
few cc of CHCI3 and adding this also to the main portion. Evaporate on a steam 
bath, removing the dish from the bath as the last portions evaporate to avoid 
decrepitation. 

Add 2-5 cc of neutral alcohol, cover the beaker, and warm on a steam bath to 
dissolve the residue. If necessary, add just enough additional neutral alcohol to 
complete the soln. Add 2 drops of methyl red indicator, and titrate with 0.02 N 
H2S0< to a faint pink color. If more than 2 cc of alcohol was used, evaporate the 
excess, cool, dilute with 50 cc of recently boiled H2O, and continue the titration 
with the 0.02 N H2SO4 to a faint pink color. If preferred, add an excess of 0.02 A 
H2SO4 to the alcoholic solution of the alkaloids, evaporate the alcohol, if necessary 
as directed above, and titrate the excess acid with 0.02 N NaOH. 

1 cc of 0.02 N II2S04 -0.006684 g of 0.008565 g of (C2iHnN202)2. 

IIiS04.51l20, or 0 007944 g of 

92 STRYCHNINE IN LIQUID PREPARATION S^' OFFICIAL 

(Other alkaloids absent.) 

Measure into an eva[)()rating di,sh 50 cc of the sample, or a quantity sufficient to 
yield at least 0.065 g of the alkaloid, arid remove the alcohol by evaporation. Trans- 
fer to a separator, add 1 to of XH4OH, or sufficient to render the soln alkaline, and 
proceed as directed under 91, beginning with “Extract 5 times with CHCI3." 

SEPARATION OF QIJININE AND STRYCHNINE^^TENTATIVE 

93 REAGENT 

Broniocresol pur()le soln. — Triturate 0,100 g of bromocresol purple in an agate 
mortar with 9 cc of 0.02 N NaOH. After soln dilute with H2O to 200 cc, and filter 
if necessary. The soln should be deep orange to red in color. If it is purple, the addi- 
tion of not more than 0.5 cc of 0.02 \ acid should make it red. If it is yellow, the 
addition of not more than 0.5 cc of 0.02 ,V alkali should produce the red color. 

94 TOTAL ALKALOIDS 

Make 50 cc of the soln acid with citric acid, add an equal volume of H2O, evapo- 
rate to nearly the original volume to remove excess alcohol, cool, and extract with 
two 15 cc portions of ether to remove oily material. Make the aqueous soln alkaline 
with NH4OH and extract the mixed alkaloids in the usual way with a mixture of 2 
parts of CIICI3 and 1 part of ether, using 25, 20, 15, 10, and 5 cc portions. Evapo- 
rate the CHC’lj and ether in a weighed Erlenmeyer flask or beaker to dryness 
on a steam bath. Add a little ether and again evaporate to dryness to remove 
the last traces of CHCb. Dry at 100° for 1 hour and weigh to obtain the approxi- 
mate weight of mixed alkaloids. 

Strychnine . — Dissolve the alkaloidal residue in 50 cc of 10% H2SO4, add 5 cc of 
4% K4Ye(CN)B drupwisc from a buret, stirring well, and set aside for a few hours or 
overnight, ('olleet the resulting precipitate on a small (7 cm) filter and wash 3 times 
with 3 cc of 5% HaS04. Reserve the filtrate for the determination of quinine. Wash 
the precipitate immediately into a small separator with H2O, transferring the pre- 
cipitate remaining in the flask to the separator by shaking about 3 times with 3 cc of 
NH4OH and a small quantity of CHClj. Extract the aramoniacal soln of the pre- 
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cipitate with 25, 15, 15, 10, and 5 cc ]>ortious of CHCh. Collect the CHOI* solns in 
another separator and extract the alkaloids by shaking with 25, 10, 10, and 5 cc por- 
tions of 20 % HsS 04; repeat the precipitation with K4Fe(CN)« and the other opera- 
tions, as above, until the CHCh extracts are again obtained, reserving the filtrate 
for determination of quinine. Evaporate the CHCU carefully, adding a little alcohol 
toward the end to prevent spattering. Weigh the residue of strychnine after drying 
it for 1 hour at 100®. (This residue should be nearly white and free from quinine.) 
Check volumetrically as follows; Dissolve the residue in hot alcohol, add 0.02 N 
HaSO^ until the soin is acid to methyl red indicator, 11, 55(a), then add 2 or 3 cc in 
excess. Evaporate most of the alcohol, cool, and titrate back with 0.02 N alkali. 1 cc 
of 0,02 N acid =0.006684 g of strychnine, C21H22O2N2 or 0.008565 g of strychnine 
sulfate (C2 iH 2202N2)2 HoS 04 . 5H2O “ 


95 

Quinine . — Combine the 2 filtrates from the precipitations with K4Fe(CN)4 in a 
separator, make alkaline with NH4OH, and extract with a mixture of 2 parts of 
CHCb and 1 part of ether, using 20, 15, 15, 10, and 5 cc portions of the solvent and 
observing the usual precaution of washing the stem of the separator with the GHClj- 
ether mixture. Wash the combined extractions in a second separator with two 5 cc 
portions of H20, transfer to a weighed beaker, evaporate to dryness, add a few cc 
of ether, and again evaporate to dryness to remove the final traces of CHClj. Dry 
at 120-130®, cool, and weigh as anhydrous quinine. Test the residue qualitatively 
for quinine, or if desired, check the quantity volumetrically as follows: Dissolve the 
residue in a little alcohol, add 7 drops of the bromocresol j)urple indicator, then add 
0.02 iV Il2SOt to a yellow color, and I cc in excess. Evaporate the soln to a small 
volume, cool, allow the quinine sulfate to separate, filter thru a small pledget of 
cotton in the stem of a funnel, wash with small portions of H2O, and titrate the 
combined filtrate and washings with 0.02 N alkali. 1 ce of 0.02 N H2SO 4 =0.006484 
g of anhydrous quinine, C2i>Hj402N2; to 0.007565 g of quinine alkaloid, C2[)Hj402Ni. 
3H2O; or to 0.007825 g of quinine sulfate, (C2oH2iOsN2)2HiSOi.2H20. 

COCAINE*' 

96 Method 1. — Oj/icial, Firal Arlion 

Weigh accurately a sufficient quantity of the uniformly mixed sample to represent 
approximately 0.1-0. 2 g of the alkaloid. Transfer to a small separator and dissolve 
in the minimum quantity of HjO required for soln. Make the soln slightly alka- 
line with XH4OH and extract with successive small portions of peroxide-free ether 
until the alkaloid is completely removed from the aqueous soln, using Mayer’s re- 
agent for the test. Combine the ether extracts, remove the greater part of the ether 
by evaporation on the steam bath, and allow the remainder of the ether to evapo- 
rate spontaneously at room temp. Dissolve the residue in a few cc of neutral alcohol, 
add 20 cc of 0.05 N 11280*, and titrate the excess of acid with 0.02 .V NaUH, using 
methyl red indicator. 1 cc of 0.05 A' 1 1 2804 consumed =0.01098 g of cocaine hydro- 
chloride, Ci 7 Hj, 04NHC1. 

97 Method II. — Tentative 

Weigh accurately a sufficient quantity of the uniformly mixe«l sample to repre- 
sent approximately 0.2 g of the alkaloid. Dissolve in 20 cc of cold H2O, add 2 drops 
of 10% HCl, and transfer to a separator. Make alkaline to litmus with a freshly 
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prepared saturated soln of NaHCOs and shake out to exhaustion with petroleum 
ether (four 20 cc portions are usually sufficient). Run the combined extracts thru a 
plug of absorbent cotton into a separator and wash the cotton with petroleum ether. 
Add a decided excess of 0.02 N HuSO^, accurately measured, and shake vigorously 
for several minutes. tSeparate the 2 layers and wash the petroleum ether with two 
10 cc portions of H 2 O, adding the washings to the acid soln. Titrate the excess of 
acid with 0.02 N alkali, using methyl red indicator, and reserve the titrated soln 
for the check determination described below. 1 cc of 0.02 N H 2 SO 4 required for com- 
bination with the alkaloid = 0.006793 g of cocaine hydrochloride, C 1 TH 21 O 4 NHCI. 

As a check, add 10 cc of 2.5 N NaOH soln to the titrated alkaloidal soln and 
evaporate on the steam batli to a volume of about 10 cc. Cool, transfer the soln to 
a separator, and acidify with 10 % HCl. Extract the acid soln completely with suc- 
cessive portions of CHCla. Run the combined extracts thru a plug of absorbent cot- 
ton and wash the cotton well with CHCI3. Allow the CHClj soln to evaporate spon- 
taneously in a weighed beaker, dry the residue in a vacuum desiccator for 2 hours, 
and weigh. From the weight of benzoic acid found calculate its equivalent of cocaine 
hydrochloride. 1 g of benzoic acid = 2. 782 g of cocaine hydrochloride. (If desired, 
the quantity of benzoic acid may be determined by titration.) 

FLUIDEXTRACT OF IPECAC 
Auto?naiic Extraction Method*^ — Tentative 

98 PREPARATION OF SOLUTION 

Pipet 20 cc of the fluidextract into a 100 cc volumetric flask, add approximately 
5 cc of N H 2 SO 4 , and with the aid of an air blast evaporate on a steam bath to a 
volume of about 10 cc. Then, while rotating the flask, add about 30 cc of H 2 O, cool 
to room temp., and make up to the mark with 11 lO. Allow to stand overnight and 
filter thru a dry filter, rejecting the first few cc of the filtrate. 

99 DETERMINATION 

Measure 20 cc of the prepared filtrate (equivalent to 4 cc of fluidextract of ipecac) 
into an automatic extractor (B, Fig. 49), which has been fitted to a 200 cc 
Erlenmeyer flask. Add 60 cc of H 2 O, 2 cc of 8 % NH 4 OH soln, and about 50 cc of 
peroxide-free ether. Shake gently to prevent the deposition of any solid matter 
on the bottom of the extractor and then add peroxide-free ether until about 75 cc 
ha^ passed over into the flask. Heat the flask on a steam bath (not electric hot 
plate) and extract for 2 hours, or until the extraction is complete. Separate the ether 
from the aiiucous layer and add it to the main concentrate in the flask. Evaporate 
the combined ether extract on a steam hath, add 2 3 cc of absolute alcohol, and 
repeat the evaporation to remove all traces of NHj. Warm the alkaloidal residue on 
the steam bath with 2-3 cc of neutral alcohol to insure complete soln. Add 10 cc of 
0.1 N HjS 04 , and dilute with about 20 cc of recently boiled, cooled H 2 O. Titrate 
the excess of acid with 0.02 N NaOH, using methyl red as indicator. 1 cc of 0.1 N 
H 2 SO 4 =0.024 g of ether-.soluble alkaloids of ipecac. 

100 Hand Extraction Method — Tentative 

(Sometimes more rapid than the automatic extraction method and yields results 
almost as high,) 

Pipet 20 cc of the prejjared filtrate, 98, into a separator. Add 2 cc of 8 % NH4OH 
soln and extract the soln with equal volumes of peroxide-free ether until extraction 
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is completed (at least 8 times), using Mayer’s reagent, 176(n), as a test. Wash the 
combined ether extracts in a second separator with about 10 cc of H2O and then 
wash this wash HjO with a little peroxide-free ether, adding the ether washings to 
the main soln. Transfer the ether soln to an Erlenmeyer flask (a 200 cc flask is a 
convenient size), and evaporate the ether on a steam bath with the aid of a blast 
of air. Add 2-3 cc of absolute alcohol and repeat the evaporation to remove all 
traces of NII3. Warm the alkaloidal residue with 2-3 cc of neutral alcohol to insure 
complete soln, and titrate as directed in the automatic extraction method. 

101 VOLATILE ACIDITY OF TRAGACANTH^®— TENTATIVE 

The quantity of volatile (acetic) acidity developed in the acid hydrolysis of gum 
tragacanth (Asfragaius gummifet Lab.) affords a valuable index of the purity of this 
commodity when compared with results obtained by similar treatment of so-called 
“Indian gum” {CochloBTpermum go^^yyium D. C. and Sterculia urens Roxb,). 

Treat 1 g of the whole or powdered sample in a 700 cc round-bottomed, long- 
necked flask in the cold with 100 cc of H2O and 5 cc of H3PO1 for several hours, or 
until the gum is completely swollen. Boil gently for 2 hours under a reflux condenser. 
A very small quantity of cellulose substance will remain undissolved. 

Tragacanth yields a practically colorless soln. Indian gum gives a pink or ro.se 
soln. This reaction may be used as a preliminary test for the detection of Indian 
gum. 

Distil the hydrolyzed product with steam, using a scrubber (Fig. 48) to connect 
the distillation flask with the condenser. Continue the distillation until the distillate 
amounts to 600 cc, and the acid residue to about 20 cc. To avoid scorching of residue 
do not permit concentration of contents of distilling flask to less than 20 cc. Titrate 
the distillate with 0.1 N NaOH soln, using 10 drops of phenol phthalein indicator, 
II, 10(d). Correct the result by a blank determination and express as “volatile 
acidity” the number of cc of 0,1 X NaOH soln required to neutralize the volatile 
(acetic) acid obtained. 

METHYL ALCOHOL IN THE PRESENCE OF ETHYL ALCOHOL^-TENTATIVE 
(Methyl alcohol present in small amounts, 5% or less,) 

102 PKEP.VKATION OF STOCK SOLUTION OF METHYL ALCOHOL AND REAGENT 

Soln A. — .\djust the strength of a soln of methyl alcohol to 25% bv volume 

(+0.1%). 

Soln B.— Make up 20 cc of Soln A and 95 cc of absolute alcohol (or the ccpii valent 
of this amount in dilute alcohol) to a volume of 2 liters. Make all transfers and dilu- 
tions at 20°. 

Fuchsin-sulfurous acid. — Dissolve 0.2 g of fuchsin in 120 cc of hot II lO and 2 g 
of Na2SOj in 20 cc of H2O. Mix, add 2 cc of HCl, and dilute to 200 cc. 

103 DETERMINATION 

Total alcohols. — Measure at room temp. (20°) 25 cc of sample, add 90 cc of H2O, 
neutralize to litmus with 5% NaOH, distil, and dilute the volume of distillate 
to 100 cc at the same temp, as noted when the original aliquot was measured. De- 
termine the total alcohol (as ethyl alcohol) from the sp. gr. of the distillate in 
the usual way and estimate the percentage of alcohol in the original soln by means 
of the proper dilution factor. Test a portion of this distillate by the U. S. P. test for 
methyl alcohol (p. 355), taking precaution to determine that HCHO, as such, is not 
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present. If methyl alcohol ia present, transfer 10 cc of the distillate to a separator, 
add 40 cc of saturated salt soln, shake with 25 cc of petroleum ether, and draw off 
the aqueous salt soln into a distilling flask. Wash the petroleum ether in the separa- 
tor with two 10 ec portions of saturated salt soln, adding these to the portion already 
in the distilling flask. Distil, receiving the distillate in a 50 cc graduated flask. Calcu- 
late the quantity of ethyl alcohol to add to this distillate to make a 5% soln of total 
alcohol (assuming it to be all ethyl alcohol) when made up to 50 cc, add this calcu- 
lated amount, and make up to a volume of 50 cc. Transfer 5 cc of this distillate to a 
200 cc flask for color comparison with standards. 

Color standards. — Transfer to 200 cc flasks a series of aliquots, 0.5, 1.0, 1.5, 2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 cc of Soln B, adding 4.5, 4.0, 3.5, 3.0, 2.5, 2,0, 1.5, 
1.0, 0.5, and 0 cc, respectively, of 5% ethyl alcohol. (These amounts of methyl alco- 
hol represent percentages in the original unknown soln when the unknown is diluted 
as outlined above.) 

Methyl alcohol.— To each of the standards and to the unknown, add 1 cc of 
H 2 P 04 (1+1) and 2 cc of 3% KMn 04 soln and allow the mixtures to stand for 
10 min. Add 1 cc of 10% oxalic acid soln and allow the mixtures to stand until 
they have become clear or transparent. Add 5 cc of H‘^S 04 soln (1+3) and 5 cc of 
the freshly prepared fuchsin-sulfurous acid mixture and allow the solus to stand 
for 1 ^ hours. Dilute to 200 cc, mix thoroly, and transfer equal quantities to a 
series of test tubes of uniform color and diameter for color comparison. Compare 
the unknown with the standard which it most nearly approaches in color intensity, 
approximating intervals less than 0.5%, if desired. The value obtained represents 
the percentage of methyl alcohol in the original sample. 

Ethyl alcohol. — Deduct the percentage of methyl alcohol, as determined colori- 
metrically, from the percentage of total alcohols, as previously determined. 

CHLOROFORM IN MIXTURE S=i— TENTATIVE 

104 REAGENTS 

(a) Alcoholic yoiassiicm hydroxidf. — Dissolve 30 g of KOH (free from chloride) in 
30 cc of HjO and sufficient methyl alcohol to make 100 cc. Allow to stand several 
days and decant the clear liquid. 

(b) Silver nitrate. — Dissolve 10 g of AgNOa in sufficient HsO to make 500 cc. 

(c) Phenolphthalein. — Dissolve 1 g in sufficient 95% alcohol to make 100 cc. 

105 DETERMIN.^TION 

Place 1 g of CaCOs and 75 cc of alcohol in a 250 cc Kjeldahl distilling flask and 
carefully pi])et into this mixture 20 cc of the sample, being careful not to agitate 
the mixture and to keep the tip of the pipet just below the surface of the liquid. 
Connect the flask with a straight-bore condenser and distil into a previously cooled 
citrate bottle immersed in cracked ice and containing 25 cc of the alcoholic KOH 
soln into which the tip of the delivery tube should extend. 

When 70 cc of the alcohol has been distilled over (judged by marking the bottle 
previously), discontinue the distillation and wash the receiving tube with about 10 
or 15 cc of distilled II 2 O, collecting the washings in the citrate bottle. Stopper the 
bottle; gently agitate, taking care to prevent the soln from coming in contact with 
the rubber washer; and allow to stand overnight at room temp. Heat on a steam 
bath for I hour, remove from the bath and allow to cool. Empty the contents of the 
bottle into a 500 cc beaker and wash the bottle with distilled II 2 O until the washings 
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are no longer alkaline to phenolphthalein, adding each washing to the main soln. 
Now add 15 cc of HNOj and an excess of AgNOj, stir well, and allow the mixture 
to stand in a dark place for 15 min. Collect the precipitate upon a Gooch crucible 
that has been previously prepared, dried at 105®, and weighed. Wash the precipitate 
with several portions of distilled HjO, then with 5 cc of alcohol followed by a 5 cc 
portion of ether. Dry at 105° and weigh. 

1 g of AgCl =0.27764 g of CHCh. Assuming that 1 minim of H2O weighs 0.06161 g 
and that the sp. gr. of CHCU is 1.476 (average of the U.S.P, limits), then 1 minim 
of CHCI3 weighs 0.090936 g, and basing calculations on 1 fi. oz. measuring 29.57 cc, 
the factor for grams of AgCl to minims of CHCI3 per fluid ounce is 4.5142 for the 
20 cc sample. 

CHLOROFORM AND CARBON TETRACHLORIDE^*— TENTATIVE 

106 REAGENTS 

(a) Alcoholic potassiuyn hydroxide. — Dissolve 35 g of KOH in sufficient methyl 
alcohol to make 100 cc. (This is a saturated soln.) 

(b) Ammonium or polaxsium thiocyanate snln. — 0.05 N. Adjust by titrating against 
0. 1 K AgNOj soln. 

(c) Ferric ammonium sulfate indicator. — ^Dissolve 8 g of Fe(Nll 4 )(SO 0 r 12 H 2 D 
in sufficient HjO to make 100 cc. 

107 WEIGHING OP SAMPLE 

(1) Chloroform or Carbon Tetrachloride: 

Carefully transfer 30 cc of alcoholic KOH soln into an air-dried, 60-70 cc pressure 
bottle and stopper. Do not moisten the neck of the bottle with the reagent. (Use 
104(a) for CHCI3 and 106(a) for CCH and for mixtures of CHCU or CCU.) Weigh 
the stoppered bottle with the contents. (Conveniently done by suspending the bottle 
on the balance by means of the clamp that holds the stopper.) 

Immediately after opening the l)ottle, add about 1 cc of the sample from a 1 cc 
pipet, holding the pipet just above the top level of the reagent in the pressure bottle. 
As the level of the reagent rises with the draining of the samjde into the bottle, 
raise the pipet correspondingly so as to avoid contact with the reagent. Avoid hav- 
ing the bottle open longer than necessary, 20 seconds being a convenient time. 
Stopper the bottle so as to assure a tight fit and weigh. Determine the weight by 
difference. Proceed as directed under 108. 

(2) Carbon Tetrachloride in Capsules: 

Ascertain the gross weight of a representative number of capsules. Open the cap- 
sules and transfer the contents to a suitable flask. Weigh the dried empty capsules 
and determine the average net contents. Proceed as directed under (1), using the 
composite sample. 

(3) Chloroform or Carbon Tetrachloride Mixtures: 

Proceed as directed under (1), using not more than 10 cc of the mixture con- 
taining 0.08-1.6 g of CHCI3 or ecu. Note the temp, of the mixtures. Ascertain the 
volume-equivalent of the weighed sample. Weigh a definite volume of the mixture 
at the same temp., using a 50 or 100 cc volumetric flask, and calculate. 

Note. — I f desired, the sample may be measured directly with a pipet instead of 
being weighed, or a measured volume may be diluted with methyl alcohol to some 
definite volume and thoroly mixed and a suitable aliquot of this dilution used for 
the determination. 


580 



DRUGS 


XXXIX 


108 DETHRMWATION 

If the sample is a mixture, mix the contents of the bottle by gentle swirling and 
allow the bottle to stand about an hour (30 min. is sufficient for CHCI3, pure or 
nearly so). Place the bottle in a wire basket and set the basket in a water bath 
at room temp, Invert a tin can over the bottle and cover with a towel to prevent 
injury to the analyst in case the bottle should burst. Heat the bath to boiling and 
maintain at this temp, for 1 hour (15 min. is sufficient for CHCb, pure or nearly so). 

Cool gradually, transfer the content.s of the pressure bottle to a 200 cc volumetric 
flask, and wash out the bottle thoroly with lIjO, draining the washings into the 
flask. Bring to room temp., fill to mark with H 2 O, and mix. 

Transfer a suitable aliquot to a 100 cc volumetric flask and acidify with HNO3, 
adding about 2 cc in excess. Add 25 or 50 cc of 0.1 A AgNOa (an excess), shake thor- 
oly, fill to mark with HjO, and mix. Filter the mixture thru a dry filter into a dry 
flask, rejecting the first 20 cc of the filtrate. To a 50 cc aliquot of the filtrate, add 3 
cc of the ferric ammonium sulfate indicator and titrate the excess 0.1 A AgNOj, 
using 0-05 NH^ or K thiocyanate. 

If the original sample contains chloride, which is precipitated by AgNOa, deter- 
mine the quantity and make correction. 

If the original sample contains sugar or other organic material and (after the sa- 
ponification of the CHCI3 or CCU and dilution of the mixture with H2O) is highly 
colored, thus interfering with the titration, transfer the contents of the pressure bot- 
tle to a Ni crucible with the aid of H 2 O. Evaporate to dryness and char the residue. 
Allow to cool, treat with H 2 O, filter into a suitable volumetric flask, washing 
the residue and filter with H 2 O until free from chloride. Fill to mark with HjO and 
mix. Determine the chloride as directed above. 

Make a blank test, using in the pressure bottle the same (piantities of solvents and 
reagents as when the sample is present, and apply such correction as may be neces- 
sary, 1 cc of 0.1 A AgNOj =0.003979 g of CHCI 3 or 0,003846 g of CCE. 

TETRACHLORETHyLENE IN MIXTURES^— TENTATIVE 

109 REAGENTS 

(a) Metallic sodium . — Place 10 cc of xylene and 2 g of metallic Na in a small 
Erlenmeyer flask fitted with a glass stopper, adding more xylene if necessary to 
cover the metal. Heat on a hot plate until the Na is melted. Shake to remove excess 
vapor, stopper, wrap in a tow^el, and shake vigorously until the Na is finely divided. 
Cool, remove the xylene, and replace with 5 cc of fresh xylene, 

(b) Ferric ammonium sulfate indicaiot . — Dissolves g of Fe(NH 4 )(S 04 ) 2 ' 12 H 2 O 
in sufficient HjO to make 100 cc. 

no DETERMmATION 

Weigh carefully a 125 cc cork-stoppered Erlenmeyer flask. Remove from balance 
pan, open, and from a split cc pipet add sufficient sample to give the equivalent of 
about 0,16 g of Ictrachlorethylene. Stopper securely and weigh again. 

To the contents of the flask add 10 cc of xylene and 2 g of the Na reagent. Con- 
nect the flask to a reflux condenser, using a cork stopper protected by tin foil, 
and heat on a hot plate to boiling. Add about 1 cc of amyl alcohol thru the con- 
denser. Reflux gently for 2 hours and add at intervals 1 cc portions of amyl alcohol 
until a total of 6 cc is added. Disconnect the flask. When cool, destroy the excess of 
Na by the cautious addition of 20 cc of H3O. After all action has subsided, acidify 
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with HNOs and transfer the mixture to a separator. Wash the xylene layer with 
three 10 cc portions of HjO and filter the acid, aqueous solns into a 200 cc volu> 
metric flask. Add 50 cc of 0.1 N AgNOj soln to the flask and make up to 200 cc. 
Shake thoroly and pour thru a dry filter, discarding the first 20 cc of filtrate. To a 
100 cc aliquot add 3 cc of the indicator. Titrate the excess of AgNOj, using the 
0.05 N NH^CNS. Make a blank test for chloride. 1 cc of 0.1 N AgNOj = 0.004146 g 
of C2CI4. 

The chloride may also be determined gravimetrically. 1 g of AgCl = 0.2892 g of 

C,Cl4. 

BARBITAL AMD PHENOBARBITAL»— OFFICIAL 
(Applicable in absence of stearic acid.) 

111 REAGENTS 

(a) Alkaline salt sofn. — Dissolve 20 g of NaOH in H2O, dilute to 1 liter, add NaCI 
to saturation, and filter. 

(b) Solvent . — Mix 20 cc of ether and 80 cc of CHCU. 

112 DETERMINATION 

Transfer 0.3 g of the powdered sample to a separator and dissolve in 10 cc of the 
alkaline salt soln. If tablet lubricants (other than stearic acid) are present, wash 
with 15 cc of ether and decant from top of separator into a small beaker. Repeat 
the extraction with ether twice. Add 2 cc of HCl to the alkaline soln, then 5 cc of 
H2O to prevent precipitation of salt. Extract with CHCIj-ether 5 times, using 
30, 20, 20, 10, and 10 cc portions of the solvent. Test for complete extraction with 
10 cc of solvent and evaporate in a separate beaker. Combine the solvent in a second 
separator and wash with 2 cc of H2O acidified with a drop of H("l. Filter the solvent 
thru a pledget of cotton into a small weighed beaker. Evaporate on a steam bath 
with the aid of an electric fan, heat for 10 min. at 90-100®, cool in a desiccator, and 
weigh. 

113 Altenialive Method‘s — Tentative 
(Applicable in presence of stearic acid.) 

Dissolve the residue obtained, 112, in 10 cc of alcohol, add 20 cc of a saturated, 
aqueous soln of Ba(OH)z, and stir w'ell. Filter into a separator and wash the residue 
and filter with two or three 10 cc portions of the Ba (OH) 2 soln. Acidify the soln 
with 10% HCl and proceed as directed under 112, beginning with the words, 
“Extract with CHClrether 5 times.” 

114 ACONITINE IN ACONITE ROOT»— TENTATIVE 

Crush and macerate the aconite root in a mortar with 15 cc of HjO and transfer 
to the extraction tube (Mojonnier type). Add 5 cc of 10% NH4OH and extract 2 
or 3 times with 15 cc portions of ether. Transfer the ethereal extract to a separator 
and w^ash with HiO. Extract the washed, ethereal extract with 2 or 3 cc of 0.02 A" 
H1SO4. Test the aqueous layer with methyl red indicator; if alkaline, discard the 
aqueous layer. Continue to extract with 2 or 3 cc of 0.02 N H2S04 until the aqueous 
layer remains acid to methyl red indicator. Test the slightly acid aqueous layer for 
aconitine by the following method: 

In a small test tube add 1 or 2 drops of 5% NaiCOa to 1 or 2 cc of the slightly 
acid, aqueous soln. Heat to 60°, stirring with a thermometer. Cool, and transfer a 
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few drops of the liquid to a micro-slide and examine the crystals. Irregular hexagonal 
plates are formed by aconitine. Most characteristic crystals of aconitine are formed 
in solns of a strength of 1 :1000 or less. 

CASCARA SAGRADA''’— TENTATIVE 

115 REAGENT 

Sodium hicarhonaU soln— (6+100). Make up in cold H2O as needed; add 1 cc 
of 0.1 N HCl to insure freedom from carbonates. 

116 DETERMINATION 

Introduce CHCI3 into the continuous extraction apparatus (A, Fig. 49) to within 5 
cm of the overflow. Adjust a 200 cc Erlcnmeyer flask carrying 125 cc of CHCI3 to the 
apparatus with a well- fitted, tin-foiled cork. Into the inner tube of the apparatus 
introduce a measured or weighed portion of the sample representing approximately 
2 g of cascara sagrada. Add 20 cc of II gO and 1 cc of acetic acid (1 -H 100) to the cas- 
cara layer. Connect the apparatus to the condenser. (The outlet of the condenser 
should not be constricted. If it is, place a hole in the side near its tip to insure free 
return of CHCI3.) 

Adjust the burner, using an asbestos ring to prevent overheating, and reflux 
rapidly for 2 hours. (The CIICU in the tube will be colorless.) Disconnect the flask 
and discard its contents. 

Recharge the Frlenmeyer flask with 125 cc of CHCI3 and connect to the ap- 
paratus, which still carries the CilCU-cxhausted acetic acid soln of the original 
sample and the clear exhausted CHCI3. Add 10 cc of H2SO4 (1+1) to the cascara 
layer by means of a pipet. 

Connect the apparatus to the condenser, adjust the burner, anfl reflux rapidly. 
At the end of 3 hours, the CHCI3 in the apparatus should be practically color- 
less, l)ut it may contain a small amount of color, a non-emodin material. 

Remove the flame and disconnect the flask. Transfer the CHCU in the flask 
to a separator, wash the flask with 10 cc of HjO, and transfer the HjO to the separa- 
tor carrying CHCk. Shake, withdraw the CHCI3, and again w'ash the H2O with 10 cc 
of CHCU, adding the washings to the main CHClj soln. Wash the CHCI5 with three 
10 cc portions uf the sodium bicarbonate soln, then wash the combined reagent with 
CHClj two or three times. Discard the aqueous soln. 

Shake out the combined CHCI3 to exhaustion with saturated sodium carbonate 
soln in a train of separators. (Four 10 cc portions should suffice.) Wash the com- 
bined reagent with CIKdj several times. Discard all the CHCI3. 

Add sufficient HCl (1 + 1) to the aqueous soln (cautiously, a few cc's at a time) 
to insure an acid reaction. Extract with CIICI3 in a separator or automatic extractor 
to completion. Combine the CHClj and wash with 5 cc of H2O. Filter the CHCh 
thru a filter wetted with CHCb. Evaporate to 20 cc. Transfer the residue to a 
small glass or Pt dish, evaporate to dryness, and dry at 100'’ for 2 hours. Cool, and 
weigh the hydrolyzed products from the aiUhraglucosides of cascara. 

ALKALOIDS IN ERG OT^*— TENTATIVE 

(Applicable to ergotamine and ergotoxine.) 

117 REAGENTS 

(a) Divietkylaminobenzaldehyde . — Add 650 cc of HjSOi to about 300 cc of HjO. 
Cool, add 1.25 g of paradimethylaminobenzaldehyde, 0.05 g of ferric chloride, and 
sufficient HjO to make 1 liter. 
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(b) Brgotoxine ethanesulfonaie standard soln. — With the aid of an excess of 
tartaric acid, dissolve sufficient ergotoxine ethanesulfonate, accurately weighed, 
gradually adding HnO, to yield a aoln containing 0.01 g of ergotoxine ethane- 
sulfonate and 0.05 g of tartaric acid in 100 cc. 

(c) Ergotamine tartrate standard soln. — Prepare as directed in (b), using ergota- 
mine tartrate instead of ergotoxine ethanesulfonate. 

118 EXTRACTION OF ALKALOIDS 

Pipet 5 cc of the fluidextract at 20° into a separator and dilute with 30 cc of HjO. 
Add 2 cc of NH4OH (1+10) or until distinctly alkaline to litmus paper. Extract 
with U.S.P. peroxide-free ether, using 40, 25, 20, 15 cc portions, or until the al- 
kaloids are removed completely. To assure complete extraction make an additional 
extraction with 20 cc of ether, evaporate in a separate beaker, dissolve the residue 
in 1 cc of 1 % tartaric acid soln, and test with reagent for blue color. Combine the 
ether extractions in a separator, wash at least 3 times with 25 cc portions of H2O 
containing three drops of NH4OH to remove the yellow pigments, and finally wash 
twice with HjO to remove the excess of alkali. Transfer the combined washings to a 
separator, extract with three 5 cc portions of ether, wash the combined portions with 
HjO, and add to the main ether extractions. Shake the ether with an aqueous 1% 
tartaric acid soln, using 10, 10, 10, and 5 cc portions, respectively, until the alkaloids 
are removed completely. Evaporate the combined acid solns on a water bath in a 
current of air to remove the ether, transfer the soln to a 25 cc volumetric flask, and 
make to volume. 

119 COLORIMETRIC COMTAUISONS 

Pipet 1 cc of the standard soln at 20° to a glass colorimeter cup or test tube and 
add 2 cc of the reagent. Mix. Pipet 1 cc of the extracted ergot soln to a second cup 
or test tube and add 2 cc of the reagent. Mix. Allow to stand for 30 min., or until 
the blue color reaches maximum intensity. Read in a colorimeter. Repeat the com- 
parison if necessary with aliquots of the alkaloidal solns to produce about the same 
color intensity as the standard. Calculate the percentage of total alkaloids of ergot 
as ergotamine tartrate or ergotoxine ethanesulfonate. 

ETHERi’— TENTATIVE 

(Not applicable in the presence of essential oils.) 

120 RE.AGENTS 

(a) Sulfuric acid. — (1 + 1), Carefully add II2SO4 to an equal volume of lUO 
and cool to room temp. 

(b) Potassium dichromate soln, — 1 X. Dissolve 49.035 g of pure K2Cr207 (or 
corresponding quantity of known purity) in sufficient HjO to make 1 liter. 

fc) Sulfuric acid- potassium dichromate soln. — 0.5 N. Carefully add 500 cc of 
H2SO4 to 500 cc of 1 X KjCrjO? soln (accurately measured in a volumetric flask), 
and cool to room temp. Use two 1 liter flasks for mixing and cooling. Transfer to 
a 1 liter volumetric flask, add the H3S()4 for washing, and fill to mark wiili the 
HjSO*. Mix thoroly. 

Standardize against 0.05 X Na thiosulfate soln as follows: 

Pipet exactly 25 cc of Reagent (c) into a 250 cc ground-glass stoppered volu- 
metric flask and dilute to mark with HiO after cooling to room temp. Mix thoroly. 
Pipet a 50 cc aliquot into a 500 cc ground-glass stoppered flask; add 100 cc of HjO, 
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10 cc of H 2 SO 4 , and 10 cc of 25% KI soln, freshly prepared. Stopper flask and allow 
to stand for 3-5 min. Add 150-200 cc of H 2 O and titrate with 0.05 N Na thiosulfate, 
using starch soln, VI, 3(e), freshly prepared, as indicator. 

121 APPARATUS 

Set up the apparatus as illustrated, Fig. 50. Beginning at the air intake end of the 
aspiration train, use a 400 cc bottle as wash bottle (A), six 50 cc graduated cylin- 
ders, having an inside diameter of 1.5 cm and a height of 32-35 cm (B-C-D-E-F- 
G), a 500 cc bottle as safety reservoir (H), and a 400 cc bottle as wash bottle (I), 
which is supplied with a soda-lime tube. Supply each container with a closely fitting 
rubber stopper and vapor carrying tubes. The intake tube should extend almost to 
the bottom, and the outlet tube, 1 cm. below the rubber stopper. Use heavy-walled 
glass tubing having an outside diameter of 5 mm. Draw the outlets of all vapor carry- 
ing tubes down to small openings. Use heavy-walled rubber tubing for connections 
and between cylinders expose only 0.5-1 cm to the vapors. 

122 PREPARATIOX OP SAMPLE 

Carefully weigh a 100 cc glass-stoppered volumetric fla.sk containing 65-70 cc 
of HjO. Pipet 5 cc of ether, holding the pipet just above the H 2 O in the flask, and 
as the level of the H 2 O is raised by the draining of the ether into the flask, raise the 
pipet correspondingly to avoid contact with the H 2 O. Immediately stopper the flask 
and weigh. The difference in weight is the weight of ether. Carefully and gently 
swirl the liquid in the flask until the ether is dissolved and then fill to mark with 
IDO. Stopper flask and thoroly mix. 

If the unknown ether sample is an alcoholic or hydroalcoholic soln, prepare a 
soln by dilution with H 2 O to meet the requirements given under 124, 

123 PRELIMINARY CHARGING OF APPARATUS 

Transfer about 100 cc of the 0.5 N sulfuric acid-potassium dichromate soln to 
wash bottle A, and 35 cc of the H 2 SO 4 soln to each cylinder, C and D. (Use a 
funnel with a long stem to avoid wetting upper portion of container.) Pipet 40 cc, 
25 cc, 25 cc of 0.5 N sulfuric acid-potassium dichromate soln, into cylinders E, F 
and G, respectively, avoiding unnecessary wetting of the outside of the stem of the 
pipet and touching the inside of cylinder with the wetted stem of the pipet while 
draining. Bottle H remains empty. Transfer about 50 cc of IDSO* to bottle I and 
fill tube .1 with an appropriate quantity of soda-lime, layered on bottom and top 
with cotton. Stopper tightly all containers except cylinder B. Leave all rubber tub- 
ing connections between cylinders and glass stopcocks K and L open. 

124 DETERMINATION 

If the sample is known not to contain alcohol or other substances which will be 
oxidized by the sulfuric acid-potassium dichromate soln, pipet an aliquot as directed 
above into a 250 cc ground-glass stoppered flask containing 50 cc of the same reagent. 
Stopper flask, swirl gently, and allow to stand for 1 hour. Titrate the excess acid 
dichromate and calculate as directed below. 

Pipet an aliquot of the sample containing 0.035- 0.2 g of ether in aqueous soln or 
hydro-alcoholic soln, containing not more than 5 g of alcohol, into cylinder B con- 
taining sufficient H 2 O to make a total volume of 25 cc. Hold the pipet just above the 
top level of the liquid in the cylinder, and as the li(piid is raised by the draining of 
the sample, raise the pipet correspondingly so as to avoid contact with the liquid. 
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Stopper tightly and immediately connect with cylinder C and wash bottle A. 
Connect the suction pump at M, and with stopcock L about half open start the 
pump. With bottle H and cylinder G connected, gradually close stopcock K until a 
slow current of bubbles passes thru the reagent in cylinder F and connect cylinder 
E. Repeat until cylinder B, which contains the sample, is connected. Make certain 
all connections are air-tight. (Usually stopcock L requires no further adjustment.) 
Carefully adjust stopcock K until a rapid and steady current of bubbles (about 
150 per min.) flows thru the aspiration train. (Usually this is attained with cock 
K slightly open, depending upon the size of the opening thru cock L.) Take care 
not to have any of the reagent touch the rubber stopper by spray or otherwise. As 
they rise in cylinders B and C the bubbles increase in size, couple up, and near the 
surface each bubble occupies the entire cross-section of the cylinder and has a verti- 
cal height of 1-1.5 cm. 



Aspirate for 5 hours. If not certain that all the ether has been carried over into 
the 0.5 .V acid-dichromate soln, discontinue the aspiration as directed in the follow- 
ing paragraph. Transfer the contents of cylinder E io a ground-glass stoppered 
500 cc volumetric flask. Pipet 25 cc of the acid dichromatc solii into cylinder E. 
Aspirate as before. 

Gradually open cock K until the rate of flow of the bubbles is appreciably slower 
and disconnect the rubber tubing between cylinders B and C. Then gradually open 
cock K as before and disconnect the tubing between 0 and D. Repeat until all 
cylinders are disconnected. 

Transfer the acid-dichromate soln (contents of cylinders E, F and G) to a 
ground-glass stoppered 500 cc volumetric flask. Wa.sh the cylinders and glass tubes 
wdth H 2 O and drain washings into the flask. Add 200-300 cc of HjO and cool. Add 
more HjO and again cool to room temp. Make up to volume and mix thoroly. 

Pipet a 25 ce aliquot into a 500 cc grouud-gla.ss slop[)ered flask and continue 
as directed under (c), beginning with “add 100 cc of lUO." 

Calculate the 0.5 N sulfuric acid-potassium dichromatc soln consumed by the 
sample. 1 cc of 0.5 N’ acid-dichromate = 0.00403 g of ether, 

125 MORPHINE IN SIRUPS*^-TENTATIVE 

Shake the bottle well and transfer 50 cc to a 150 cc pear-shaped separator. Add a 
few drops of 10% ammonia water to insure a weak alkaline reaction and test with 
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litmus paper. Extract the total alkaloids with a mixture of CHCU and alcohol 
(9 + 1). (About seven 25 cc portions are necessary, depending on care of separating 
the solvent and length and violence of each shake-out. Larger amounts of solvent 
may be iLsed to insure absence of emulsions. Combine the solvents and wash with 
5 cc of H2O. Run thru chloroform-wetted cotton. Evaporate the solvent, (If the sirup 
is known to carry pure morphine alkaloid or its salt, and no other alkaloid, this 
residue may be dissolved in alcohol and filtered, andthesoln titrated.) Dissolve in 2 cc 
of 5% HCl on a water bath, covering the beaker to insure complete soln. Add 20 cc 
of H2O and transfer to a separator. Make alkaline with 5 cc of 5% KOH soln and 
exhaust with three 20 cc portions of CHCL followed by two 20 cc portions of 
petroleum ether (removal of non-phenolic alkaloids and CHCL). Combine im- 
miscible solvents and wash with 5 cc of HjO. Discard the solvent and add the wash 
water to main, aqueous soln. ► 

Render the aqueous soln acid with 5% HCl and then just alkaline with a few 
drops of 10% ammonia and extract with three 20 cc portions of petroleum ether 
for removal of petroleum ether-soluble phenolic alkaloids. Wash the combined petro- 
leum ether with 5 cc of H2O. Discard the petroleum ether. Add the wash water to 
the main, aqueous soln. Saturate with salt. 

Extract the morphine completely with seven 25 cc portions of the CHCI3- 
alcohol mixture. Combine the solvent. Wash with 5 cc of H2O and run solvent thru 
a plug of CHCla-saturated cotton. Evaporate the solvent. Dissolve the residue in 5 
cc of neutralized alcohol in a covered beaker by aid of heat on the steam bath. Add 
an excess of 0.02 N I+SO* and titrate back with 0.02 N alkali, using methyl red in- 
dicator. Icc of 0.02 iV H2SO4 = 0.0076 g of morphine sulfate, (CijHujNOa)^- H2S04- 5H20. 

SWELLING FACTOR OF PS YLLIUMei— TENTATIVE 

126 .^FP.^RATUS 

Select the required number of 50 cc graduated cylinders and provide them with 
one-holed rubber stoppers (usually Nos. 3 or 4). Thru the stoppers insert glass 
stirring, rods of such diameters that they will slide easily in the holes and of such 
lengths that any material in the bottom of the cylinders may be stirred conveniently 
and thoroly. 

127 DETERMINATION 

Place 1 g of psyllium (seeds) in a cylinder, add H2O to the 20 cc mark, and stir 
well. Draw the rod out of the liquid after each stirring by sliding thru the stopper. 
Place the cylinder and its contents in a refrigerator or a cool place (5-10°) for 24 
hours, stirring the contents at frequent intervals. Remove the cylinder, stir, and 
allow the contents to settle for 1 hour at room temp, (or until no further change 
is observed in the total volume occupied by the drug). This final reading (to one 
decimal place) is taken as the swelling factor of the drug, (Note: In the test on 
Lallanantia Hoylcana, add l+O to the 50 cc mark in the cylinder.) 

SANTONIN IN MIXTURES AND TABLETS«i-TENTATIVE 

128 iMnger’s Method (Modified) 

Weigh out a sample equivalent to approximately 0.15 g of santonin, and extract 
with 10, 10, 10, 5 and 5 cc portions of petroleum ether saturated with santonin. (If 
the sample is fat-free this step may be omitted.) Filter each portion of solvent with 
the aid of suction to complete dryness thru a Gooch crucible provided with an 
asbestos mat before following with another portion of fresh solvent. Extract the 
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residue in the solution flask and the crucible with 15, 10, 5 and 5 cc of hot benzol, 
filtering each portion as before. Evaporate the benzol extract in a tared flask and 
dry the residue to constant weight at 100^ Weight of the santonin in the flask equals 
the weight of santonin in the sample. 

SANTONIN IN MIXTURESm— TENTATIVE 

129 REAGENT 

Dinitrophenijlhijdmzine sulfate soln . — Dissolve 1 g of 2:4 dinitrophenylhydrazine 
in a mixture of 90 cc of H 2 O and 10 cc of HsSO^ by warming, cool, and filter. 

130 DETERMINATION 

Weigh 2.5 g of the ground sample into a Gooch crucible and wash with about 100 
c(\of petroleum ether saturated with santonin. Discard the washings. Extract with 
about 100 cc of hot benzol, collecting the filtrate in a beaker. Evaporate to dry- 
ness, warm the residue with alcohol until dissolved, transfer to a 100 cc volumetric 
flask, cool, make to volume at 20° with alcohol, and filter if necessary. To 25 cc of 
the soln add 50 cc of the dinitrophenylhydrazine soln and allow to stand for 48 hours 
in a dark place. Collect the precipitate in a Gooch crucible and wash it with dilute 
alcohol (1+2), using a total volume of about 150 cc. Dry the residue for 1 hour 
at 100°, cool, and weigh. Weight of precipitate XO. 5775 = weight of santonin. 

131 SANTONIN IN SANTONICA (LEVANT WORM SEED)«^TENTATIVE 

Extract 3 g of the ground sample with benzol in a Soxhlet apparatus or an 
automatic percolator (Fig. 51), for 3 hours. Wash the extract into a separator with a 
little benzol, add more benzol if necessary to make a total volume of approxi- 
mately 100 cc, and shake vigorously for 5 min. with 35 cc of 8% Na 2 CO» soln. Allow 
the mixture to separate completely and transfer the aqueous layer to a second 
separator. Wash the benzol once with 10 cc of H 2 O and add the washing to the 
second separator. Shake the combined aqueous extracts with 10 cc of benzene, dis- 
card the aqueous layer, wash the benzol with 5 cc of HsO, and combine with the 
benzol in the first separator. Filter the benzol soln thru cotton and evaporate the 
filtrate to dryness. Warm the residue with 5 cc of alcohol until the mass is dis- 
integrated, and add 60 cc of saturated aqueous soln of Ba(OH )2 while stirring. Heat 
the mixture to boiling, place on the steam bath for 10 min., filter into a separator, 
and wash the filter and beaker with two 10 cc portions of hot Ba(OH)j soln. Add 
6 cc of HCl (2 + 1) to the filtrate, cool, and extract wdth 25, 15, 10, 10, and 5 cc 
portions of CHClj, filtering thru a pledget of cotton in the stem of the funnel, and 
evaporate the filtrate to dryness. Dissolve the residue in 25 cc of alcohol by warming, 
mix the soln with 50 cc of dinitrophenylhydrazine sulfate soln, 129, and proceed 
as directed in 130, beginning with the words “allow to stand for 48 hours." 

132 sulfonal^^tentative 

Mix about 0.5 g of the sample with pure, clean sea sand and place the mixture 
in a Knorr tube containing a half-inch layer of asbestos. Using a hell jar and 
vacuum, extract the mixture with 10 portions of 10 cc each of ether, mixing the 
sample with the sand by means of a glass rod before each addition of ether, ('ollect 
the ether extractions in a tared flask, distil off the bulk of the ether, and allow the 
remaining solvent to evaporate spontaneously, rotating the flask to aid the evapora- 
tion. Dry the re.sidue in a desiccator over HjHO* for 18 hours and weigh. Identify 
the residue by means of its melting point. 

If desired, the extraction may be made in a suitable automatic apparatus (Fig. 51). 
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133 TRIO NAL“— TENTATIVE 
Proceed as directed under 132. 

134 STRAMONIUM OINTMENTm— TENTATIVE 

Introduce 25 g of the well-mixed ointment into a 250 cc separator fitted with 
a pledget of cotton packed loosely in the stem; add 100 cc of ether-CIICl* 
mixture (4 to I) and shake vigorously until all the fats have been dissolved. Ex- 
tract the alkaloids by shaking out with five successive 20 cc portions of dilute 
H2S0< (2% is satisfactory), allow to settle, and draw off the clear acid soln into a 
small separator containing 10 cc of ether. Wash each acid extraction successively 



JACKCr 


FICl, 51. -AUTOMATIC PERCOLATOR 

thru this same 10 cc of ether and draw off the acid solns into another 250 cc sepa- 
rator. Make the combined acidified solns alkaline with ammonia water and ex- 
tract the alkaloids completely by shaking out with 5 successive 25 cc portions of 
CHCli, allow to settle, and filter each portion thru cotton wetted with CHCh 
into a 250 cc beaker, finally washing the stem of the separator and the filter with a 
little CHOU. Evaporate the solvent carefully on a water bath with moderate heat 
to a volume of about 10 cc; add a measured excess (about 10 cc) of 0.02 N H2SO4, 
stir the mixture, and continue the evaporation until all the CHClj has been expelled. 
Add 20 cc of recently boiled, cooled HsO and one drop of methyl red indicator and 
titrate the excess acid with 0.02 N NaOH. 1 cc of 0.02 iV H2SO4 = 0,00578 g of the 
alkaloids of stramonium leaves. 
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135 Par a fin Method 

Weigh about 25 g of the ointment into a tail-form beaker. Add about 5 g of 
paraffin, 25 ce of 2% HjS()4, and 10 cc of ether. Warm gently on a steam bath until 
fluid, stirring the mixture thoroly. Continue this procedure until most of the ether 
bus been evaporated. Place the beaker in an ice bath and allow to stand until cold. 
Make several holes in the paraffin layer with a stirring rod and filter the acid soln 
thru a pledget of cotton into a small separator. Wash the cake once with a small 
quantity of H2O, filtering the washings thru the cotton into the separator. Wash 
the acid with 10 cc of ether and draw off into a 250 cc separator. Repeat the treat- 
ment with 4 successive portions of acid and ether, filtering each portion thru the 
cotton into the small separator and washing each extraction with the same 10 cc por- 
tion of ether. Combine the acidified extractions, make alkaline with 10% NH4OH, 
and extract and titrate the alkaloids as in the preceding method. 

Note: It is recommended that the ointment be transferred by means of a soft 
metal ointment tube or empty tooth paste tube, and weighed by difference. The 
assay can be hastened by centrifuging when instructions are given to let the mixture 
stand until it settles. 

136 BELLADONNA OINTMENTs<^TENTATIVE 

Proceed as directed under 134 or 135. 1 cc of 0.02 X 113804 = 0.00578 g of the 
alkaloids of belladonna leaves. 

137 THEOBROMINE IN THEOBROMINE CALCIUM'— TENTATIVE 

Dry abovit 0.5 g of the material at 110'’ to constant weight. Weigh 0.2 g of the 
dried substance into a glass-stoppered 100 cc volumetric flask, add 2 cc of glacial 
acetic acid, and warm on the ste.'im hath. Add 10 cc of boiling HiO and shake until 
soln has taken place, adding more boiling II jO if necessary. Cool the soln to room 
temp. (The soln should be clear or nearly so.) Add 50 cc of 0.1 ;V iodine, 20 cc of 
saturated salt soln and 2 cc of HCl. 8huke well and make to volume with H2O. 
Shake again and allow to stand overnight. Filter, discarding the first 10 cc of the 
filtrate. Titrate 50 cc of the filtrate with 0.1 X NaiSjOj, using starch soln as indi- 
cator. 1 cc of 0.1 .V I =0 0045 g of theobromine, €711*02X4. 

ARSENIC IN IRON-ARSENIC TABLETS*’ OFFICIAL 

138 UEAOENT 

Standard $obi of potn-ssiuin bromnte {or of iodine ). — Standardize against pure 
AszOj, (The strength of this soln is a matter of choice. 0.5625 g of KBrOj dissolved 
in HjO and diluted to 1 liter will give a soln that is 0.02021 A', 1 cc of which = 0.001 g 
of AS2O3.) 

139 ACI’AUATt.S 

Use either the Rarnberg-Sjdstrbni ansenic flask, which consists of a 300 cc Kjehlahl 
flask provided with a specially shaped outlet tube connected with the flask by mean.s 
of a ground joint CA, Fig, 52), or a 300 cc Kjeldahl flask provided with an outlet 
tube, the internal diameter of the main part of which is about 13 mm and that of the 
contracted tip about 5 mm, connected with the flask by means of a rubber stopper 
(R, Fig. 52). 

140 detekmination 

Weigh and place in the flask 5-10 tablets or pills, add 10-15 cc of IhO, and allow 
to soak for 30 rain. Then add, in small portions at a time, 20 cc of fuming HNOj, 
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cooling if necessary to prevent loss by frothing. When the reaction has ceased, add 
carefully and in small portions at a time 25-28 cc of HjS04. Place the flask in an in- 
clined position on an asbestos mat and heat over a small flame. As soon as the 
greater part of the HNO3 has been driven off, and while still heating, drop in 8 cc 
of fuming HNO3 thru a suitably placed separator and heat over a larger flame 
until SO3 is evolved. If after cooling the precipitated sulfates are not colorless or 
pale yellow and are not free from gray or black particles, heat the contents of the 
flask further with an additional 10 cc of fuming HNOg. (It is essential that all or- 
ganic matter be destroyed.) To the cooled mixture add 30 cc of a saturated soln of 
NH4 oxalate; heat until fumes of SO3 are evolved and, to insure complete destruc- 
tion of the oxalic acid, for 10 min. thereafter over a low flame; cool; and add while 
gently whirling the flask 20 cc of H3O. Dry the neck of the flask over a sioall flame 



Fin. 52.— APPARATUS FOR THE DETERM IXATION OF ARSENIC 
IX IRON-ARSENIC TABLETS 


and add 30 g of Na(fl, 5 g of FeSO^.THjO (or 1 g of hydrazine sulfate), 1 g of 
Nalir, and 25 cc of IlCl. Mix the contents of the flask and c<)[inect the delivery 
tube. If the Kambcrg-Sjdstrom apparatus is used, moisten the ground-glass joint 
with a drop of IFSOh. Fix the flask in an inclined j)osition with the tip of the out- 
let tube about 1 cm under the surface of 150 cc of IIsO in an Erlenmeyer flask 
surrounded by ice or by cold H2O. Distil at such a rate that the bend at the top 
of the tube comes warm in 4 min. and the lower end in about <S min. from the time 
the heat is apjdied. Discontinue the distillation at the end of 10 min., but before 
removing the flame lift the distillation flask until the tip of the outlet tube is 
al>ove the lEO in the receiving flask. Let the outlet tube drain, remove the receiver, 
and cither titrate with the stamlard soln of KBrO^, using 2 drops of methyl orange 
indicator (the red color of the indicator at the end point may fade slowly, but 
the color should persist for at least 1 min. upon addition of another drop of the 
indicator); or nearly neutralize witli NaOH, add 1-5 g of NaHCOj, and titrate 
with the standard soln of I, using starch indicator, VI, 3(e), 

141 ARSENIC IN SODIUM CACODYLATEs^-OFFICIAL 

Transfer 0.2 g of the sample, accurately weighed, to a Kjeldahl flask. Add 10 g of 
K*S04, 0.3 g of starch, and 20 cc of H2SO4. Digest over a low flame until .frothing 
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has ceased. Continue the digestion 4 hours or until the mixture is colorless. Cool, 
dilute with HjO, and transfer to a 500 cc Erlenmeyer flask. Add NaOH soln (1 + 1) 
slowly until alkaline to litmus paper and acidify with HjSOi. Place the flask in HjO 
until thoroly cooled, add 5 g of NaHCOj, and titrate with 0.1 A 1 soln. Conduct a 
blank, using the same quantities of reagents. 1 cc of 0.1 A’’ 1 soln = 0.00375 g of As, 
or 0.008 g of anhydrous Na cacodyl ate. 

142 ARSENIC IN IRON METHYLARSENATE™*-OPFICIAL 

Transfer a suitable quantity of the sample (0.2 g, if practicable) to a l^jeldahl 
flask. Add 10 g of KiS04, 0.3 g of starch, and 20 cc of H2SO4. Digest over a low 
heat until frothing has ceased and continue the digestion over a slightly higher flame 
until the mixture is colorless. Cool, and add 20 cc of H2O. Dry the neck of the flask 
over a small flame; cool the contents; and add 30 g of NaCl, 5 g of FeSO^ , 7 H2O, 1 g 
of XaBr, and 25 cc of HCl. Then distil as directed under 140. Conduct a blank, using 
the same quantities of reagents. 

BISMUTH COMPOUNDS IN TABLETS’^— TENTATIVE 

143 (Lead absent.) 

Thoroly mix the sample and weigh 0.5 g into a 500 cc Kjeldahl flask. Ignite 
gently over a small flame, using a wire gauze under the flask, and increase the heat 
towards the end. Allow to cool, add 15-' 20 cc of HNOj, evaporate to dryness, and 
ignite as before until yellow or orange BijOj is formed. Cool the residue, and dissolve 
in 10-15 cc of warm HNOs, using a few cc of 3% H2O2 if there is difficulty in ob- 
taining a soln. Boil off the excess and wash into a 400 ce beaker with HjO, 
rinsing the flask well. Dilute to about 200 cc, make just neutral to litmus with 
NH4OH, and add 5 cc of HCl. Precipitate with H2S completely. 

Transfer the precipitate to a filter paper and wash once with HCl (5+200) and 
then several times with H;0. Dissolve the precipitate of BijSj on a filter with hot 
HXOj (1+2). A small residue of S (and mercuric sulfide if mercury salts are pres- 
ent) usually remains. Neutralize the filtrate with 10% NH4OH and precipitate with 
25 ec of a 20% soln of ammonium carbonate. Concentrate to about 150 cc (by 
boiling, if desired) and allow to stand on the steam bath for 1-2 hours. Collect the 
precipitate in a previously ignited weighed Gooch crucible, wash w'ith a small quan- 
tity of HjO, dry, ignite in a muffle at red heat, and weigh as BiiOa. 

144 CALCIUM GLUCONATE^*— TENTATIVE 

(Applicable to preparations the aqueous solns of which are neutral and do not 
contain salts of other optically active hydroxy acids.) 

Weigh two 0.5 g portions of calcium gluconate or two 1 g portions of powdered 
tablets containing 50% or less of the salt. If chocolate or a fatty base is present, 
wash the samples several times on a hardened filter with absolute ether and warm 
the residue until the ether is driven off. Transfer each portion to a separate 25 cc 
volumetric flask, add 15 cc of H2O, and warm until the calcium salt is dissolved 
(there will be an undissolved residue in tlie ca.se of samples containing cocoa), ('ool 
to room temp. To one flask (No. 1) add 3.5 g of finely pulverized uranyl acetate, 
stopper, and place the mixture in a shaking machine for I hour (if agitation is not 
sufficiently vigorous, more than 1 hour’s shaking may be reipiired). Allow the other 
flask (No. 2) to stand. If the sample contains cho(;olaU’, add a little alumina cream 
XXXIV, 18(b), to each flask. Cool to 20®, make ui> the contents of flask No. 1 to 
volume with uranyl acetate soln (10 g shaken with 95 cc of HjO until saturated, then 
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filtered), and flask No. 2 with H2O. Filter, and polarize each soln in a 200 mm tube, 
using a 50 mm tube containing a 1.8% soln of K2Cr20T as a light filter. If the soln 
is too dark to read in the 200 mm tube, make th'e reading in a 100 mm tube and 
multiply the result by 2. If yl - the rotation in "V. of soln No. 2 and B =the rotation 
of soln No. 1, with 1 g samples the percentage of Ca(CflHu07)2 = 4.34 and 

with 0.5 g samples the percentage of Ca(C6HiiOr)2 = 8.52 

145 HYPOPHOSPHITES”— TENTATIVE 

(Applicable in absence of phosphates; if phosphates are present, make .suitable 
correction.) 

(a) Total hypophosphites , — Place 25 cc of the sample in a 100 cc volumetric flask» 
dilute to mark, and mix thoroly. Pi])et a 10 cc aliquot into a suitable flask, Add 25 
cc of HNOs, and boil on a hot plate until the volume is reduced to 2-3 cc; add 10 cc 
of HNOa, and boil until volume is again reduced to 2-3 cc. Cool, and add 20 cc of 
H2O, Add NH4OH in slight excess, and bareiy dissolve the precipitate formed with 
a few drops of HNO3, stirring vigorously. To the hot soln add 70 cc of molybdate 
soln, 11, 7(a), for each 0.1 g of PjOs present. Digest at about 65° for 1 hour, and test 
for complete precipitation by the addition of more reagent to the clear, supernatant 
liquid. Filter, and wash with NH4NO3 soln, II, 7(b). 

Dissolve the precipitate on the filter with NH40H(l-{-l) and hot H^O and wash 
into a beaker to a volume of not more than 100 cc. Neutralize with HCI, using litmus 
paper as an indicator. Cool, and from a buret add slowly (about 1 drop per second, 
stirring vigorously) 15 cc of magnesia mixture, II, 7(c), for each 0.1 g of F2O6 pres- 
ent. After 15 min. add 12 cc of NH4OH and allow to stand overnight. Filter, and 
wash the precipitate with dilute NH^OH, II, 7(d), until the washings are practically 
free from chlorides. Dry, burn first at a low heat, and ignite to constant weight, 
preferably in an electric furnace, at 950-1000°. Cool, and weigh as Mg2P207. 
MgiPiO 7X0. 0379 = P206. 

(b) Calcium . — Using the soln prepared as directed in (a), pipet a 20 cc aliquot 
into a 400 cc beaker and dilute to 100 cc. Add 2 cc of IICl, 15 cc of 10% NH4C2H3O2 
soln, and a slight excess of saturated (NH4)2C204 soln. Heat to boiling and allow 
the precipitate to settle at a temp, just below boiling. Filter hot, wash with 1% 
NH4C2H3O2 soln, dry, moisten with H2SO4, ignite gently, and weigh residue as 
CaS04. CaSO4X0.2944 = Ca. 

146 lODINE'^TENTATIVE 

Transfer a quantity of the sample that contains not more than 0.1 g of the iodide 
(0.05 g is anqde) to a crucible, preferably nickel, and add 2 or 3 g of solid KOH. 
If the sample is a solid, add 10-15 cc of alcohol before adding the KOH, Dry and 
char thoroly. (Use as low a temp, as possible in order to prevent loss of iodide, in 
no event more than dull redness.) Extract the charred mass with hot II2O, filter into 
an Erlenmeyer flask, and wash well with hot H2O. 

Neutralize the filtrate with H2S04 (1 + 1), make alkaline again, ami add 1 cc of 
4% NaOH soln in excess. Heat to boiling and adtl saturated KMn04 soln slowly 
until the permanganate color remains after several minutes’ boiling. Then add 
about 0.5 cc in excess, continue boiling about 5 min., and allow' to cool. Add a few 
cc of alcohol and set on the steam bath. (The permanganate color should be bleached; 
if it is not, add a little more alculiol.) When the precipitate has settled, filter and 
wash with hot IIjO. After cooling, add 1-2 g of Kl (crystals), acidify with HCI, 
and titrate with 0.1 N NasSjO* soln. 1 cc of 0.1 N Na2S20j = 0.002768 g of Kl, 
0.002498 g of Nal or 0.002116 g of I. 
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lOD OFORM ’'—TENTATIVE 

147 REAGENTS 

(a) Ammonium thiocyanate soln. — 0.05 N. Staadardize against 0.1 A?" AgNOs sola, 
using an equal volume of alcohol, and 3 cc of ferric ammonium sulfate soln as indi* 
cat or. 

(b) Ferric ammonium sulfate indicator . — Dissolve 8 g of Fe(NH4)(SO02. ISHjO 
in 100 cc of HjO. 

148 DETERMINATION 

Weigh accurately about 0.25 g of CHI 3 and transfer quantitatively to a 200 cc 
Erlenmeyer flask. Add 40 cc of alcohol, swirl gently until the CHI3 is dissolved, Al- 
ter if necessary, and immediately add 40 cc of 0.1 N AgNOj and 10 cc of HNO5. 
Swirl gently for about 5 rain., allow to stand at room temp, for 2-3 hours, and then 
swirl occasionally as an aid in flocculating the Agl. Titrate the excess 0.1 AT AgNOs 
with 0.05 .V NH4CNS, using 3 cc of the ferric ammonium sulfate indicator. 1 cc 
of 0.1 A' AgNOj =0.01313 g of CHI3. Or, filter, collecting the Agl on a dried and ac- 
curately weighed Gooch crucible, wash with IIjO and Anally with aIc«)hol, and dry 
to constant weight at about 125°. 1 g of Agl =0.5590 g of CHlj. 

149 IODOFORM OINTMENT’*— TENTATIVE 

Transfer approximately 2.5 g of the sample to a tared 50 cc beaker and weigh. 
.\dd 5 cc of CHClj, stir gently with a glass rod, and transfer the bulk of the uiidis- 
solved ointment and the CHCis soln to a 250 cc flask having a ground-glass stop- 
per. Add 5 cc of CHClj to the ointment remaining in the beaker and stir until all 
the ointment is dissolved. Add the soln to the contents of the flask and finally wash 
the beaker three times, using not more than 5 cc of CHCI5 each time, and add wash- 
ings to contents of the flask. Or, weigh the sample in a small, tared glass capsule, 
drop capsule with contents into a 250 cc flask having a ground-glass stopper, and 
add not more than 20 cc of CHCI3. (Use glass capsule only in volumetric determina- 
tion.) iSwirl gently until all the ointment is dissolved. Add 40 cc of alcoholic 0.1 N 
.\gXOi soln and swirl to wash down any iodoform that may adhere to the sides of 
the flask. Slowly add 10 cc of HXO3 and allow to stand at room temp, for about 
18 hours. Titrate the excess of alcoholic 0.1 NAg NO* soln w’ithO.05 X ammonium 
thiocyanate soln, 147(a), using 3 cc of ferric ammonium sulfate indicator, 147(b), 
shaking the mixture vigorously near the end of the titration. 

For gravimetric determination use an ordinary Erlenmeyer flask in place of 
the flask having a ground-glass sto])per. Weigh the ointment base into a 100 cc 
beaker and add ('HC'lj. When the ointment base has dis-solved, filter thru a Gooch 
crucible, using suction. Wash beaker and crucible once with alcohol. Wash crucible 
several times with CHClj without u.sing suction. Collect the filtrate in an Erlcn- 
meyer flask and add 40 cc of 0.1 .V AgXOj soln and 10 cc of HNOj in small portions. 
Allow* the mixture to stand 18 hours, (.'ollect the Ag I on a weighed Gooch crucible, 
using suction. Wash with H2O and then with alcohol. Finally wash repeatedly with 
CHClj without suction. Dry the Gooch crucible and contents at about 125° to con- 
stant weight. 1 g of Agl -0.5590 g of CHIj. 

150 IODOFORM GAUZE’*— TENTATIVE 

Weigh in a tared weighing bottle with a ground-glass stopper a sample of iodoform 
gauze containing about 1 g of iodoform. (Iodoform gauze is usually moist and loses 
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weight rapidly when exposed to air,) Transfer to a 150 cc beaker, add about 75 cc 
of alcohol, and stir until the iodoform is dissolved. Filter into a 200 cc volumetric 
flask, draining the alcoholic soln with the aid of pressure upon the gauze. Wash 4 
or 5 times, using 25 cc of alcohol each time, filter washings, and finally make up to 
volume with alcohol. Pipet a 40 cc aliquot into a 200 cc Erlenmcycr flask and im- 
mediately add 40 cc of 0.1 AgNOs and 10 cc of HNOj. Proceed as directed under 
149, beginning with “allow to stand at room temp.” 

MERCUROUS CHLORIDE (CALOMEL) IN TABLETS”— OFFICIAL 

151 REAGENT 

Standard iodine soln . — Dissolve about 14 g of 1 in a soln containing 18 g of 
KI in 100 cc of HjO and dilute to 1 liter. Standardize this soln against standard 
Na2S20i soln, 3(b). 

152 determination 

Count and weigh a rei>reseiitative number of tablets. Pulverize a quantity of tab- 
lets and weigh accurately a sufficient portion of the well-mixed sample to represent 
0.19 -0.26 g (3-4 grains) of calomel. Transfer to a 200 cc glass-stoppered Erlenmeyer 
flask, add about 50 cc of H^O, acidify with acetic acid, and after the soluble fillers 
have dissolved decant with the aid of suction thru a tightly packed asbestos mat 
placed on the plate of a Caldwell crucible. Wash once with HaO by decantation, 
then successively with alcohol and ether. Transfer the removable plate holding the 
mat and insoluble material to the original flask, washing into the flask any insoluble 
material adhering to the sides of the crucible. Add 2.5 g of KI, 10 cc of H2O, and 
then 30 cc of standard I soln, 3(c). Allow the mixture to stand, with frequent and 
fairly vigorous agitation, for about 1.5 hours, or until soln of the calomel is com- 
plete. Titrate with the standard thiosulfate soln, 3(b), and add about 1 cc in excess. 
Then titrate back with the standard I soln, using starch indicator, VI, 3(e), until 
a permanent blue color is obtained. 1 cc of 0,1 A' I soln =0.02361 g of calomel. 

153 CALOMEL IN CALOMEL OINTMENT^^^TENTATIVE 

Weigh accurately about 1 g of the ointment, transfer to a 250 cc glass-stoppered 
Erlenmeyer flask, and treat with about 50 cc of CHClj. When the base is dissolved, 
decant thru a dry, closely packed asbestos mat in a Caldwell crucible, using light 
suction. Wash the flask and contents several times with 20 or 30 cc portions of 
decanting thru the crucible. Allow any residual CHCI3 in the flask to evapo- 
rate and transfer the asbestos mat and contents to the flask, wiping the sides of the 
crucible and the mouth of the flask with a damp piece of filter paper and adding it 
to the contents of the flask. Then add 2.5 g of K I and 50 cc of 0.1 I soln, stopper, 
and mix the contents well. Allow the flask to stand about 1.5 hours or until soln of 
the calomel is complete, agitating it frequently and fairly vigorously. Titrate with 
0.1 A^ NajSjOj, adding 1 or 2 cc in excess and using starch as indicator. When all 
traces of 1 have disappeared, titrate back with the standard I soln until a blue color 
is obtained. 1 cc of 0.1 X 1 =0.02361 g of calomel. 

154 MERCUROUS IODIDE IN TABLETS^a— TENTATIVE 

Count and weigh a representative number of tablets. Pulverize a quantity of tab- 
lets and weigh accurately a sufficient portion of the well-mixed sample to represent 
0.1&-0.26 g (3-4 grains) of Hgl. Transfer the sample to a 200 cc glass-stoppered 
flask, add about 50 cc of H2O, acidify with acetic acid, and after the soluble fillers 
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have dissolved, decant with the aid of suction thru a tightly packed asbestos mat 
placed on the plate of a Caldwell crucible. Wash once with HjO by decantation, 
then successively with alcohol and ether. Transfer the removable plate holding the 
mat and insoluble material to the original flask, washing into the flask any insoluble 
materials adhering to the sides of the crucible. Add 2.5 g of K1 and 30 cc of standard 
1 soln, 3(c). Allow the mixture to stand, with frequent and fairly vigorous agitation, 
for about 1.5 hours, or until soln of the Hgl is complete. Titrate with standard thio- 
sulfate soln, 3(b), and add 1 or 2 cc in excess. When all traces of I have disappeared, 
titrate back with standard I, using starch indicator. 1 cc of 0.1 A’’ I soln =0.03275 g 
of Hgl. 

Note. — Some commercial tablets are difficult to filter without loss of Hgl thru 
the asbestos mat. A few drops of alumina cream, XXXIV, 18(b), washed free from 
NHj, placed on the mat before filtration is started, satisfactorily prevents loss, tho 
it retards the filtration. 

155 TESTS FOR PURITY OF MERCURO CHROME®— TENTATIVE 

(a) Acidify a portion of the mercurochrome soln with 10% H2SO4 and filter off 
the precipitate. The filtrate is colored only slightly yellow. 

(b) Pass HjS into a portion of the filtrate. No precipitate or coloring occurs. 

(c) Add a few cc of 10% HNO 3 to another portion of the filtrate and add AgNOj 
soln. No precipitate forms. 

156 TOTAL SOLIDS IN MERCUROCHROME SOLUTION® -TENTATIVE 

Pipet 10 CC of the mercurochrome soln into a tared, extra-wide-form w'eighing 
bottle and evaporate to dryness on a steam bath. Allow to dry overnight in an HjS04 
desiccator in the open bottle. 

157 MERCURY IN MERCUROCHROME s'— TENTATIVE 

Pipet 10 cc of an approximately 2% soln of the mercurochrome into a 500 cc tail- 
form beaker and evaporate to dryness on the steam bath (or weigh accurately 
about 0.2 g of the powder). Dissolve the residue in 4 cc of HjO and add slowly, with 
constant mixing, 10 cc of H2SO4 Incline the beaker and add cautiously small por- 
tions of IiMn04 (finely pulverized), mixing after each addition, until considerable 
excess has been added, as indicaterl by the deep purple color of the mixture. Allow' 
to stand 30 min., occasionally mixing, at the end of w'hich time the mixture should 
still retain its purple color. .\dd 100 cc of H2O and mix thuredy. Then ad<l small por- 
tions of oxalic acid (finely pulverized), mixing after each addition, until the soln is 
clear. Filter thru a small filter into a 400 cc beaker, wash the original beaker, filter 
until the filtrate measures approximately 200 cc, and pa.ss HjS thru the soln for 20 
min. Warm on a steam bath until the precipitate of HgS settles quickly after stir- 
ring, and again pass H2S thru the w'arm soln for 5 min. Filter the soln immediately 
into a weighed Gooch crucible, and w’ash the precipitate on the filter w'ell with HjO, 
three times with the alcohol, and then with 4 or 5 portions of CCU or CS2 to remove 
any sulfur that may be present, allowing the liquid to run thru the crucible without 
suction, and finally wash with ether. Dry the precipitate to constant weight at 100“, 
and weigh as HgS. Test the dried precipitate qualitatively for Hg and other heavy 
metals. If any difficulty is experienced by the slow filtration during the washing 
with HiO, allow' the precipitate to drain and wash once with alcohol, then continue 
as directed 

Weight of HgS XO. 8622 = the equivalent weight of Hgi 
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158 MERCURY IN MERCURIAL OINTMENTS*— TENTATIVE 

After mixing the ointment thoroly with a glass rod, avoiding contact with metals, 
weigh 1 g of the material into an Erlenmeyer flask. Add 20 cc of H 2 O and 20 cc of 
HNOj and heat gently over a small flame until red fumes cease to evolve. Cool, 
and decant the aqueous soln from the ointment base into a separator. Wash the oint- 
ment base with 50 cc of boiling HaO, cool, and decant into the separator. Repeat the 
washing until all the Ilg is removed. Shake the combined solns in the separator with 
50 cc of ether. Transfer the aqueous soln to an Erlenmeyer flask. Wash the ether 
three times with 10 cc portions of HjO until the Hg is removeil, adding the washings 
to the flask. Add 3 cc of ferric ammonium sulfate soln, 147(b), and titrate with 0.1 
N NHiCNS. 1 cc of 0. 1 N NH4CNS =0.01003 g of Hg. 

NITRITES IN TABLETS^— TENTATIVE 

159 PREP.A.KATION OF SAMPLE 

Count and weigh a suitable number of tablets to ascertain the average weight. 
Reduce to a fine powder, mix thoroly, and keep in a tightly stoppered bottle. 

160 DETERMINATION 

Transfer to a 100 cc volumetric flask a quantity of the powdered sample equiva- 
lent to about 1 g of NaNOa, add II^O to mark, and mix thoroly. Filter thru a dry 
filter, rejecting the first 10 cc. Transfer a 50 cc aliquot to a 200 cc volumetric flask. 
Add in order 10 cc of saturated KCdOs soln, then slowly, with shaking, 10 cc of 
HNOj soln (1+1), and allow to stand 30 min. Add 50 cc of 0.1 N AgNOs soln and 
make up to mark with HjO. After mixing thoroly, filter thru a dry filter, rejecting 
the first 20 cc of the filtrate. To 100 cc of the filtrate add 2 cc of ferric animooiiim 
sulfate soln, 147(b), and titrate with 0.05 X ammonium thiocyanate soln, 147(a). 
Make a blank determination, and correct if necessary. 

1 cc of 0.1 .V AgXOj soln =0.020703 g of NaN02 

Note. — C orrect for any chloride that may l>e present in sample. If a large 
quantity of insoluble excipient is present, pet 100 cc of H 2 O into a flask with the 
powdered sample in order to avoid any error in volume. 

161 PHENOLSULFONATESs* -tentative 

Dissolve the .sample (equivalent to about 0.8 g of phenolsulfonate) in about 30 cc 
of HA) and add 5 cc of 1 1 Cl. Titrate wifh 0.4 .V Hr (11.134 g of KBrOa+SO g of 
KBr diluted to 1 liter with HjO, standardized against 0.1 X Na^SjOj. The i)romine 
will be absorbed very rapidly at first, but as the titration proceeds the absorption 
becomes slower ami slower.) Titrate as far as possible with no other indicator than 
the fading of the bromine yellow. (Usually this will be within about 1-4 cc of the 
end point.) Then use methyl orange (0.1%), dropwise, adding no new indicator until 
the previous drop has pracUcally faded. After adding bromine soln, wait a sufficient 
time for the absorption of the bromine before adding more methyl orange (10 
seconds at first, 15 seconds at end of titration), because in the presence of dibromo- 
phenolsulfonic acid the action of bromine on methyl orange is much slower than 
normal. The end point is reached when, after waiting 15 seconds for the absorption 
of the last drop of bromine and adding a drop of metliyl orange, the latter fades very 
apprecialily in 10 seconds. It is always l^est, after the methyl orange has faded, to 
add another drop to be sure that the first droj) was not added too soon, 
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In using 0.1 N bromine, draw the indicator by dropping from a 10 co graduated 
cylinder. If less than 1 cc of indicator is used, make no correction; if more, subtract 
0.5 cc of 0.1 N Br for each cc of indicator. 

1 cc of 0.4 N bromine = 0.023213 g of sodium phenolsulfonate; 

1 cc of 0.1 iV bromine = 0.0058 g of sodium phenolsulfonate. 

SILVER PROTEINATES« 

162 Acidity or Alkalinity — Tentative 

Dialyze 1 g of the sample as directed under 164 and titrate a portion of the clear 
soil! representing 0.5 g of the sample with either 0.02 N HCl or 0.02 N NaOH soln, 
as required, using phenolphthalein indicator. Calculate acidity as percentage of HCl 
and alkalinity as percentage of NaOH. 

163 TOTAL SILVERM-OFFICIAL 

Place 1 g, accurately weighed, in a 500 cc Kjeldahl flask; add 15 cc of HjSO^ and 
then 10 cc of HNOs; place on a steam bath for a few min., with occasional rotation, 
to insure a homogeneous mixture; and boil to w'hite fumes. Add more HNOj, boil 
again to a clear colorless soln, and cool. Add 100 cc of distilled HjO and boil until 
free of nitrogen oxides. Cool, dilute to 300 cc, add 5 cc of HNOj and 5 ee of ferric 
ammonium sulfate soln, 147(b), and titrate with 0.1 N ammonium thiocyanate. 

1 cc of 0.1 .V NH4CNS =0.010788 g of Ag. 

164 DETECTION AND ESTIMATION OF lONIZABLE SILVER COMPOUNDS^?— OFFICIAL 

Weigh a strip of commercial dialyzing tubing 55 mm wide and about 1 foot long, 
wet with distilled HjO until uniformly pliable, shake free of adhering HiO, and par- 
tially dry by rolling in a clean paper towel. Rcweigh while still moist and place in a 
250 cc beaker. (Sheets of dialyzing parchment paper may be used in place of tubing.) 
Over one end of a glass tube 10 cm long and approximately 2.5 cm in diameter, fold 
and secure by means of a rubber band a square piece of parchment paper in the 
form of a sack of sufficient size to hold the sample soln. (Dialyzing material should 
be kept in a humid container to prevent breaking when handled.) Weigh 1 g of the 
sample, dissolve in 15 cc of H2O, and transfer to the dialyzing tube. Calculate, and 
add sufficient H2O to the beaker to make a total of 100 cc. (This insures 20 cc in the 
dialyzing tube and 80 cc in the beaker.) Adjust the tubing to form a “U” in the 
beaker, cover with a watch-glass, and place in a cool dark closet for 24 hours. 

fa) Qualitative Test. — Test a few cc of the clear, colorless soln from the beaker 
for Ag ions by the addition of a few drop.s of 10% IICl and a trace of HNO3. 

(b) Quanlitalive Method. — If Ag ions are present, remove 50 cc of the clear, 
colorless soln from the beaker (representing 0.5 g of sample), dilute to 100 cc, and 
add 2 cc of Fe NlltfSO^j, 147fb), and the same quantity of colorless UNO,. Titrate 
with 0.01 .V NH4CNS soln and calculate to percentage by weight of ionizable Ag. 
I cc of 0.01 A' NH4CN.S = 0.0010788 g of Ag. 

OIL OF CHENOPODrUM’<— TENTATIVE 

165 REAGENTS 

(a) Standard ferric ammonium aulfate soln. — Dissolve 39.214 g of pure, crystal- 
lized ferrous ammonium sulfate, Fe(Nll4)2(S04)3.GHi0, in 200 cc of HjO in a liter 
flask, add 30 cc of H2SO4, and mix well. Weigh exactly 3.16 g of KMnO*, dissolve 


598 



DRUGS 


XXXIX 


the salt in 200 cc of warm HjO, and slowly add to the soln in the flask, with stirring. 
The permanganate goln should be just sufficient to oxidize the iron salt, but it is 
well to add the last few cc in small portions. Cool the soln and dilute it to 1 liter 
with HiO. 

(b) Standard titanium trichloride soln, — Add 100 cc of commercial 15-20% TiCls 
.soln to 200 cc of HCI, boil for 1 min., cool, and dilute to 4500 cc with H2O. Place the 
soln in a container with H atmosphere provision and allow to stand for 2 days for 
absorption of residual 0. Preserve the TiCb soln in an atmos])here of H (XXI, 
Fig. 22), taking care to have all the joints air-tight, and covering the stoppers (pref- 
erably countersunk) with suitable wax. Standardize by titrating 20 cc of the ferric 
ammonium sulfate soln against the TiClj soln in a protective stream of CO2, using 
1 cc of 5% NH4CN8 soln as an indicator. 1 cc of 0.1 Fe^ (SO 4) 3 = 0.01545 g of TiCij. 

166 determination 

Weigh 1 cc of the oil in a 100 cc volumetric flask and dilute to volume with 95% 
alcohol. Place 50 cc of the TiCb soln in an Erlenmeyer flask thru which a current 
of COs is passing. Fit the flask with a Bunsen valve, add 10 cc of the diluted soln of 
the oil, close the flask (with the Bunsen valve), and heat the contents almost to 
boiling for 2 min. (Prolonged heating has no effect if the contents are not boiled 
vigorously.) If the pale violet color of the TiCb disappears, add more of the reagent 
to insure an excess. (The formation of a white precipitate of titanic oxide does not 
Interfere with the determination.) Add 1 cc of a 5% soln of NlECfNS and titrate 
back the excess of TiCb with the ferric amrnoniuin sulfate soln in a CO2 atmosphere 
until a faint, permanent, brownish red color is obtained. 

Subtract the quantity of ferric ammonium sulfate used, expressed in equivalent 
mg of TiCb, from the numljer of mg of TiCfla taken. The difference is the number of 
mg of TiCb oxidized by the oil taken. Convert the mg of TiCb oxidized into ascari- 
dole by dividing by the factor 1.284 (1 g of ascaridole is reduced by 1.284 g of TiCB). 

Example: 0.9600 g of oil was made up to 100 cc and a 10 cc aliquot was heated 
with 50 cc of the TiCls soln (1 cc containing 0.0034 g of the salt). It then required 
5.9 cc of the reagent, each cc equivalent to 0,01545 g of TiCls, to titrate back the 
soln. The grams of TiClj oxidized is numerically e(jual to (50x0.0034) -(5.9 X 
0.01545), or 0.07885, The weight of oil in the aliquot was 0.0960 g. Hence the 
, ,,, 0.07885X100 

percent.age of ascarulo 0 = — - — i2.\ Vt. 

^ 0.096X 1.284 

BIOASSAY OF DRUGS 

MYDHIATICS AND MYOTICS 

Cat-Eye Metkod^^ — OJficial 

167 APPARATUS 

(a) Mohr pipels.—l co, graduated in 0.1 cc, with slender tips that deliver exactly 
0.05 cc per drop. 

(b) N -filled electric la?n{)S, — 100-watt or equally intense illumination. 

168 ANIMALS 

Adult cats.— In good physical condition, weighing over 1500 g, and accustomed 
to being handled. 
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169 PKEPAKATION OF SAMPLE 

Dissolve, -in approxinijitely neutral distilled H 2 O, a representative number of 
tablets, or a sufficient quantity of powder, to make a soln containing 1 mg of the 
alkaloid per cc of soln. If the alkaloids themselves are taken, add the equivalent 
quantities of acid to convert them into the corresponding salts. Add 2 drops of 
approximately 0.02 X acid per 50 cc of soln. 

For great accuracy, the results of chemical assay upon the sample should be fol- 
lowed in the preparation of solns; when such accuracy is unnecessary, the declara- 
tion of strength on the label may be accepted as the basis for the preparation of the 
soln. 

One drop of the respective concentrations of the following drugs is the minimum 
effective dose: 


MTDRt ATics mg per liter 

Atropine 12 

Hyoscyamine 4 

Scopolarainp 0.4 

Homatropine 200 

Cocaine 60 

Enphthalmin 50 , 000 

Ephedrine (alkaloid) 2,500 

Ephedrine salt (or synthetic) 50,000 

Pseudoephedrine (alkaloid) 2 , 500 

Pseudoephedrine (salt) 80,000 

UVOTICS 

Pilocarpine 25,000 

Pln'sostigmine (eserine) 10 

Arecolinc 10,000 


170 DETERMINATION OF CAT’s THRESHOLD 

Place a cat about 1 foot from a 100-watt electric lamp, and determine the maxi- 
mum contractility of its pupils under this condition. Drop 0.05 cc of the freshly 
prepared standard mydriatic soln, obtained by diluting the I mg-per-cc soln, into 
the outer margin of one eye, leaving the other eye untreated as a control. Compress 
the inner canthus, while opening and closing the Lids, until the fluid has apparently 
disappeared flO-30 seconds). Return cat to cage. 

One and two hours after application (for atropine, 3 and 4 hours also), place cat 
under the same conditions, and note any differences in diameter betw'een the pupils 
of the treated and the untreated eyes. (A satisfactory reaction is produced when 
the pupil of the treated eye is just perceptibly wider (0. 5-1.0 mm) than the pupil of 
the untreated eye.) Do not use the .same eye for another assay for at least 24 hours. 

If the concentrations given fail to ])rodiice a satisfactory reaction, repeat the test 
with a stronger or weaker soln until the minimum effective concentration is found. 
(This concentration may vary soniewliat for different cats, but it is essentially 
constant for the same cat.) 

171 bioashay of unknown solutions 

Dilute the 1 mg-per-cc soln to be tested to the minimum effective concentration 
for the cat.s to be used, and drop 0.05 cc of thi.s dilution into one eye of the cat, 
following the same procedure as in the determination of the minimum effective con- 
centration. Also prepare stronger and weaker solns and apply to one eye of each of 
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the other cats used, Test various concentrations until one is obtained that produces 
satisfactory mydriasis of the same degree as the standard soln when tested on two 
or more cats. 

To obtain the mg of alkaloid present iji each ce of tiie original soln, multiply the 
mg per cc found to be the cat s minimum effective concentration by the dilution 
employed. Knowing that the original soln was made to contain 0.00 1 g of alkaloid 
per cc, calculate the quantity of mydriatic present, and express as percentage of 
the total alkaloid. 

ASSAY OF ERGOT«-TENTATIVE 
(Applicable to alkaloids of ergotoxine-ergotamine group.) 

172 REAGENTS 

(a) M€7isiruum I. — Mix 20 cc of HCl with 490 cc of alcohol and 490 cc of HjO. 

(b) Mmstruum II. — Diluted alcohol U.S.P, 

(c) Locke-Ringer soln modified. — Omit the use of MgC^ in the Locke-Kinger soln. 
U.S.P. XI. 

173 APPARATUS 

Use an isolated organ bath similar to that described in the U.S.P, XI under Liquor 
Pituitarii Posterii, modifying it by having two glass chambers for the isolated 
tissues instead of one. Fix two levers, one above each chamber to write on the 
recording drum. The rnagiiificatiori of the two levers -should be approximately equal. 

174 PRUPAKATIUX OF SAMPI.E 

Pack the ergot, recently ground to a No. 20 powder, in a cylindrical percolator, 
and slowly percolate witii purified i^etroleum ether until a few drops of the ])er- 
colate leave no greasy stain when evaporated from filter paper. Reject the soln, 
remove the drug from the percolator, and dry it by exposure to the air. 

Moisten the defatted drug witli a 5% soln of NaHCOs and allow it, to stand in a 
cold room for 2-4 hours. Pack in a percolator, add more bicarbonate soln and allow 
to macerate for 16-24 hours in a cold room. Percolate slowly with H^O until the 
percolate is found by physiological tests to be practically free from amines. Allow 
to drain completely, remove all but the lowest inch of marc from the percolator, and 
remove lUO from it by strong expres.sion or by centrifuging. Moisten the drug with 
a small quantity of Menstruum I. Repack the drug in the percolator and macerate 
overnight in a cold room. Add ihe remainder of Menstruum I, and when this has 
just disappeared from the surface gradually add Menstruum II, constantly main- 
taining a stratum of liquid above the drug. \\ hen the liquid begins to drop from the 
percolator, close the lower orifice, and, having chnsely covered the percolator, macer- 
ate for 48 hours (in a cold room), and then allow the percolation to proceed slowly, 
gradually adding Menstruum 11 until the drug is exhausted. Reserve the first 850 
cc of the percolate, recover the alcohol from the remainder of the percolate, and 
concentrate the residue to a soft extract at a temp, not exceeding 60° (preferably in 
a vacuum distillation apparatus). Dissolve the extract in the reserved portion, mix 
thuroly, and assay a portion by the method given below. From the results thus ob- 
tained adjust the volume of tlie finished fluidextract by the addition of Menstruum 
II to make it conform to the required biological standard. 

175 tub test 

Use nonpregnant female rabbits weighing 2 kg or more, and which are at least 3 
weeks past parturition. Kill the animal by a blow oii the head, cut its throat, and 
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then suspend by the lund legs until hemorrhage ceases. Remove the uterus. Cut a 
piece about 1 cm in length from one uterine horn. The remainder of the uterine 
horns may be placed between pieces of cotton wool dampened with the modified 
Locke-Ringer’s soln and kept, properly covered, at a temp, of 40-50®F for any sub- 
sequent tests within the next 2 days. Place the piece of uterine horn on the convex 
surface of a watch-glass and cut it open along the line of mesometric attachment. 
Unfurl, and cut away the sides so that a piece 8-10 mm wide farthest from the 
mesometrium remains. Divide this piece longitudinally into two equal parts and sus- 
pend each in one of the glass containers of the bath holding the Locke-Ringer soln. 
Weight the recording levers so as to induce relaxation of the muscle. To each bath 
add 0.02 mg of epinephrine (as the hydrochloride in soln). If necessary, increase 
simultaneously the dose in each bath by increments of 0.01 or 0.02 mg until a con- 
traction which is maintained 2-3 min. is produced. Adjust the weights on the levers 
so that the extent of contraction in each bath is similar and conspicuously greater 
than any spontaneous contractions. Spontaneous contractions increase in amplitude 
as the muscle remains in the bath so that weighting should as a rule be greater than 
qt first seems necessary. At a noted time add to one bath a dose of a specific alkaloid. 
(This may be 0.4 cc of a soln of crgotaminc tartrate or ergotoxine phosphate, 1 in 
30,000. The concentration may vary from 1 part in 10,000 to 1 part in 200,000, de- 
pending upon the response obtained in the muscle.) Thirty seconds later add to the 
other bath 0.4 cc of the unknown soln diluted approximately 30 times; 10 min. from 
the time of the additions to each hath add epinephrine to each bath in the dosage 
found to give a previously satisfactory contraction. Note the contraction produced 
on each muscle. If the contraction has been reduced to the same extent in both baths 
the concentration of the specific alkaloid in each bath is the same. If the contrac- 
tions are not the same, repeat the proced\ire, using fresh uterine strips, the same dose 
of epinephrine ami larger or smaller doses of the ergot preparation as indicated by 
the previous test. 

MICROCHEMICAL TESTS FOR ALKALOIDS -TENTATIVE OR OFFICIAL 
176 REAGENTS 

(a) Sodium carbonate soln. — Dissolve 5 g of NajCOs-HjO in 100 cc of H2O. 

(b) KrauVs reagent. — Dissolve 8 g of Bi(N03)j, 5H2O in 20 cc of UNOj, sp. gr. 
1,18. Dissolve 27.2 g of KI in 50 cc of H2O. Mix the solns and dilute to 100 cc. 

(c) Wagner's Dissolve 1.25 g of f and 2 g of KI in 5 cc of H2O and dilute 

to 100 cc. 

fd) Potassium iodide soln. — Dissolve 5 g of KI in 100 cc of H2O. 

(e) Mercuric chloride soln. — Dissolve 5 g of HgCl^ in 100 cc of H2O. 

(f) Sodium benzoate soln. — Dissolve 5 g of Na bensioate in 100 cc of H2O. 

(g) Platinic chloride soln. — Dissolve 5 g of HzPtCle in 100 cc of II2O. 

(h) Disodium phosphate soln. — Dissolve 5 g of Na2HP04. 12H2O in 100 cc of HiO. 

(i) MarnU’s reagent. — Dissolve 3 g of Cdlj in 18 cc of lUO containing 6 g of KI. 

(j) Gold chloride soln. — Dissolve 1 g of gold chloride in 20 cc of II2O. 

(k) Mercuric chloride-sodium chloride soln. — Dissolve 5 g of HgCU and 0.75 g 
of NaCl in 100 cc of HjO. 

(l) 7Anc chloride soln. — Dissolve 5 g of ZnClj in 100 cc of H2O. 

(m) Ammoniacal .silver nitrate. — Mix 5 cc of 2% AgNOj soln and 5 cc of 10% 
ammonium hydroxide soln. 

(n) Mayer's reagent {mercuric-potassium iodide soln). — Dissolve 1.36 g of HgCU 
in 60 cc of H2O and 5 g of KI in 10 cc of HiO; mix these two solns and dilute to 
100 cc. 
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177 PREPARATION OF SAMPLES 

(a) Controls . — Dissolve 1 mg of the pure alkaloidal salt in 2 drops of H 2 O to make 
an approximately 1-100 soln. 

(b) Alkaloids in corn-pounds , — Separate the alkaloid in pure form by extracting it 
from ammoniacal soln with a suitable immiscible solvent, and evaporate the sol- 
vent. To 1 mg of the residue add, dropwise, 0.1 JV HCl, avoiding an excess of acid, 
and dilute with HgO, if necessary, to approximately the same alkaloidal concentra- 
tion as is specified in (a). 

(c) Hypodermic tablets . — Dissolve a portion of a tablet in H 2 O and dilute with 
HjO to approximately the same alkaloidal concentration as is specified in (a). 

178 IDENTIFICATION 

Place a drop of the alkaloidal soln on a clean glass slide, add a drop of reagent 
by means of a clean glass rod, and without stirring or covering examine under the 
microscope, using low power, A magnification of 100-150 is suitable. Note the kind 
of crystals formed and compare their characteristics with the descriptions given 
and also with a control (see table under 179). 


179 Ckaracteristics of Microchemical Tests for Alkaloids 


ALKALOID 

REAGENT 

UESCHtPTJUS 03 CIWSTALS 

Aconitine*^ 

Sodium carbonate 

In 1;3000 soln heated to 50® in test 
tube. Small transjiarent hexago- 
nal plates, also rods in contact 

Arecoline*^ 

Kraut's 

Ked, rhombic crystals 

Atropine®* (official 
first action) 

Wagner’s 

Small dark rods and triangular 
plates form in great numbers, 
singly and in groups 

Brucine®* 

Potassium iodide 

Mercuric chloride 

Long masses of transfiarent, rec- 
tangular plates; also rosettes of 
thin plates 

Small, dense rosettes 

Caffeine®* 

Mercuric chloride 

Clusters of long, radiating, needle- 
shaped crystals 

Citichonidine*^ 

Sodium benzoate 

Platinic chloride 
Sodium carbonate 

Kosettes and sheaves of needles 
spreading to large size 

Rosettes of transparent plates 
Spherical crystals, but not needles 
as in cinchonine 

Cinchonine®* 

Sodium carbonate 

Disodium phosphate 

Dark rosettes, composed of radiat- 
ing needles, form immediately 
Similar to crystals formed by sodi- 
um carbonate, but more burr- 
shaped 

Cocaine*® 

l^iatinic chloride 

Delicate, feathery crystals, later 
becoming heavier in structure 

Codeine** 

Marme’s 

Silvery circular masses, crystalliz- 
ing into dark rosettes of irregular 
outline 
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Characteristics of MicrochemicaJ Tests for Alkaloids — Continued 


ALKALOID 

REAGENT 

DBaCRlPTION OP CRYSTALS 

Codeine'’® 

Wagner’s 

Heavy, red-brown precipitate, crys- 
tallizing very slowly in yellow 
blades extending in branches 
(never red) 

Ephedrine*® 

Kraut’s 

Long, brown radiating and inter- 
lacing needles 

Heroin*^ 

(official) 

Platinic chloride 

Spherical clusters of golden yellow 
needles form slowly around a 
nucleus; cluster disintegrates on 
standing 

Homalropine®* 

Gold chloride 

Green-gold blades, often with point- 
ed ends and united in pairs 
(1:200); surfaces appear etched 
on long standing 

Hyoscyamine®® 

Gold chloi'ide 

Thin, transparent, nearly colorless 
irregular plates, often curved. 
Crystals form slowly in 1:100 to 

1 :200 soln. Shaking the slide aids 
crystallization 

Morphine^®® 

(official) 

Marme’s 

Wagner’s 

Silvery, gelatinous precipitate, crys- 
tallizing in dense masses of nne 
needles 

Small drop of reagent produces 
heavy, red-brown precipitate, 
slowly crystallizing in shining red, 
overlapping plates extending in 
branches 

Xicotine’®' 

Mercuric chloride 

Mercuric chloride- 
sodium chloride 

Radiating transparent blades form 
in presence of slight excess of 
H2SO4; feather-like bla<les form 
in the presence of HCl 

Radiating transparent blades 

Papaverine^®' 

Zinc chloride 

Thin rectangular plates in excess 
HCl 

Pilocarpine^®® 
(official first 
action) 

Platinic chloride 

Crystals form slowly; layers of thin, 
yellow, triangular plates of deli- 
cate structure 

Procaine hydro- 
chloride^®* 

Platinic chloride 

Gold chloride and hy- 
drochloric aci<l 

Spherical crystals of radiating 
branches 

Irregular radiating branches 

Qiiinidine®®® 

Potassium ioilide 

iStnall, triangular crystals in great 
numbers, best in 1 : 1000 dilution; 
crystals soluble in excess reagent 

Quinine^®" 

Disodium phosphate 

Silvery, sheaflike crystals 

Scopolamine^®’ 

(Hyoscine) 

Gold chloride 

Clusters of pale yellow, transparent 
blades, with coarse saw-tooth 
edges form immediately on shak- 
ing the slide to stir the solutions. 
Crystals grow to large size in 
solution 
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Characteristics of Microckemical Tests for Alkaloids— Continued 


ALKALOm 

reagent 

DEaClUPTION GE CRTflTAI.8 

Sparteine^®^ 

Gold chloride 

Large numbers of blade-like crystals 
varying in size according to con- 
centration 

Strychnine^®® 

Platinic chloride 

M army’s 

Crystals form immediately in clus- 
ters and singly in small, wedge- 
shaped needles, which move about 
the field 

Silvery masses, slowly forming ro- 
settes 

Theobromine^®’ 

Kraut's (freshly pre- 
pared) 

In hydrochloric acid (1 +3). Tufts 
of brown radiating needles form 
readily in 1 :200 soln. 

Theophylline'®’ 

Ammoniacal silver 
nitrate 

Gelatinous at first; dense spheres of 
dark radiating needles 1:200. 
Crystals form more readily if pre- 
pared in test tube and then trans- 
ferred to a glass slide. 

Yohimbine^^® 

Sodium carbonate 

t 

In 1:1000 soln heated to 50°. Fine 
needles in sheaf-like bundles and 
in rosettes. 


MICROCHEMICAL TESTS FOR SYNTHETICS— TENTATIVE 

180 BEAGKXTS 

(a) Pkos phoiungstic acid soln. — Dissolve 5 g of 24 WO3.XH2O in 100 cc of 
HjO. 

(b) Bromide-bromatc soln. — Dissolve 0,3 g of KBrOs and 5 g of KBr in H2O and 
dilute to 100 cc. 

(c) Xitric acid soln. — ^Mix one volume of HNOj with one volume of HjO. 

(d) IFaz/ner’,?.— Dissolve 1 g of 1 and 5 g of Kl in 5 cc of IIjO and dilute to 100 cc. 

(e) Mercuric c/dorfdc.— Prepare as directed under 17G(e). 

(f) M army’s. — Prepare as directed under 176(i), 

fg) Potassium ferrocyanidc. — Dissolve 5 g of K4Pe(CN)e.3H20 in 100 cc of HjO. 

(h) Magnesia wixlure . — Dissolve 55 g of MgCh.OHitO and 140 g of NH4CI in 
HiO. Add 130.5 cc of NH4OH and H2O to make 1 liter. 

(i) Gold chloride. — Dissolve 1 g of reagent gold chloride in 20 cc of HjO. 

(j) If ijdrockloric acid . — I %. 

(k) Silicolungsiic acid soln. — Dissolve 5 g of 41120 .Si02 • I2WO3.22H2O in 100 cc 
of approximately 6 N TI2SO4. 

(l) Potassuun thiocganate. — Dissolve 5 g of KSCN in 100 cc of H2O. 

(m) Kra7d*s . — Otssolve 8 g of Bi(N03)3.5H20 in 20 cc of HNO3, sp. gr. 1.18. 
Dissolve 27.2 g of KI in 50 cc of IDO. Mix the solns and dilute to 100 cc. 

181 PHEP.ARATION OF SAMPLE 

Separate the compound in pure form by the use of suitable solvents. Prepare a 
soln of 1 : 100 to 1 : 1000 concentration with the aid of acid, alkali, or H20 as specified 
for the individual synthetics. 

Controls. — For comparison, prepare a soln of the pure synthetic in the concen- 
tration specified for each. 

182 IDENTIFICATION 

To a drop of a soln of the compound on a clear glass slide, add a drop of the 
specified reagent, and without stirring or covering examine under the microscope. 
A magnification of 100-150 is suitable. 
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183 Characteristics of Microckemical Tests for Synthetics 


SYNTHlsrtC 

SOLUTION 

CONCBNTRATION 
OF SYNTHETIC 

REAGENT 

DESCRIPTION OF 

TESTS AND CRYaTALB 

Acetanilid^^ 

10% HCl 

1:100 

Phosphotungstic 

acid 

Rosettes of prisms 


10% HCl 

1:100 

Bromide-bro- 

mate 

Small prisms 

Acetphen- 

etidin“^ 

About 1 mg of 
the powdered 
material 


Nitric acid 

After adding a drop 
of nitric acid let 
stand for a few sec- 
onds, then add a 
drop of H 2 O. Bright 
yellow, curving, 

branched crystals 


10% HCl 

Saturated 

soln 

agner’s 

Large, irregular 

plates 

Aminopy- 

rine^^^ 

H,() 

r:ioo 

Mercuric chloride 

Marmo’s reagent 

Long, slender radi- 
ating crystals, often 
curved 

Groups of spiny 
branches 

Antipyrine*^^ 

HiO 

1:100 

Potassium fetro- 
cyanidc 

Acicular and pris- 
matic crystals form 
after adding a drop 
of 1% HCl 

Benzoctiine^'* 

HCl. Avoid 
exress acid 

1:100 

Potassium ferro- 
eyanide 

Colorless, irregular 
plates and rods 

Cinchophen^^ 

.V XaOH. Add 
HiO, and make 
slightlv acid 
with rtci 

1:1000 

Gold chloride 

Dark clusters of 
needles. Few short, 
rhombic crystals. 

Dinit ro- 

Small qiiantitv 

1:100 

Hydruchloric 

Plates with four 

phenoB^* 

of 0.1 .VNaOH 


acid 

branches. In more 
dilute soln single, 
rectangular plates. 

Methen- 

amine”® 

H,0 

1:.500 

Silicotungstic 

acid 

Thin, transparent, 
rectangular crys- 
tals 

Xeocincho- 

10%HC1 

Saturate{l 

Potassium thio- 

Rosettes of need- 

phen^^' 

soln 

cyanate 

les. (Gentle agi- 
tation by tipping 
the slide back and 
forth hastens crys- 
tallization) 


10% HCl 

Saturated 

soln 

Platinum chlo- 
ride 

Needles in clusters 

Oxyquino' 
linc“’ sulfate 
(Chinosol) 

Dissolve the 

l:o00 

Magnesia mix- 

Small, ellijitical 

salt in HiO. If 
free base, dis- 
solve in HCl, 
avoiding ex- 
cess 


ture 

grains. Few burr- 
shaped crystals on 
standing 

Pyridium‘“ 

Dissolve the 
salt in HiO. If 
fi«e base, dis- 
solve in HCl, 
avoiding excess 

1 : 1000 

Potassium thio- 
cyanate 

Small red-brown 
dense sheaves 

Triethanol- 

amine^^® 

HiO 

1:100 

Kraut’s 

Oily globules chang- 
ing to large red 
hexagonal plates 
and prismatic crys- 
tals 
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Various strength solutions of the common acids, alkalies, and alcohol} 2 

(a) Hydrochloric Acid Solutions: Specification requires not less than 36% HCl 
by weight. Sp. gr, = 1.1778 at 15'’. Mix with water and make up to 1 liter. 


HCl BiBznaTB nsBUOiD 

dBAlfS ran LITSB 

arDR0cin.0Ti!c ACin asQuiRsn 

S 

ce 


5 

14.29 

12.13 


10 

28.57 

24.26 


15 

42.85 

36.39 


20 

57.14 

■ 48.52 


36.46 

104.17 

88.45 

Normal solution 

50 

142.86 

121.29 


100 

285.71 

242.58 


150 

428.57 

363.88 


200 

571.43 

485 . 17 


222.6 

636.00 

539.99 

Constant boiling 

278.4 

795.43 ' 

675.35 

Sp. gr. 1.125 

300 

857.14 

727.75 



(b) Sulfuric Acid Solutions: Specification requires not less than 94% H2SO4 by 
weight. Sp. gr. = 1.835 at 15“. I’our acid into excess of water and make up to 1 liter. 


HiSOt STHEXOTH DESIRED | 
6RAM8 PER LITER 

SULFDRTO iCID HKQUIHED 

g 

CO 


5 

5.32 

3.0 


12.5 i 

13.29 

7.2 

For crude fiber 

20 

21.28 

11.6 


30 

31.91 

17.4 


40 

42.55 

23.2 


49 

52.13 

28.4 

Normal solution 

100 

106.38 

58.0 


15U 

159.57 

87.0 


250 

265.96 

144.9 


300 

319.15 

173.9 


400 

425.53 

231.9 



(c) Nitric Acid Solutions: Specification require.s not less than 68% HNO3 by 
weight. Sp. gr. = 1.4146 at 15“. 1 ec of concentrated IINOs contains approximately 
0.96 g of HNO3. Mix with water and make up to 1 liter. 


HNOt strenoth resjred 

QRAUS PER LITER 

N'lTHIC ACID REQUIRED 

g 

; 

5 

7.35 

1 5.2 

10 

14.71 

10.4 

20 

29.41 

20.8 

30 

44.12 

31.2 

40 

58.82 

41.6 

50 

73.53 

52.0 

03 

92.65 1 

65.5 

70 i 

102.94 

72.8 

100 

147.06 

104.0 

150 

220.59 

156.0 

200 

294.12 

207.9 

300 

441.18 

312.9 


* Prepared by G. C. Spenoer and H. J. Fisher. 
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2 Yarious strength, soZufio/ts oj common acids, alkalies, and alcohol. — Concluded. 


(d) Ammonia Solutions: Specification requires not less than 27% NHj by weight. 
Sp. gr. =0.9. Mix and make to 1 liter. 


NH, STBENOTH BESIBBD 

QR.iM8 PfiK UTEB 

j REAGENT aVMONl.\ REQUIRED 

B ! 

cc 

5 

18.52 

20.6 

10 

37.04 ' 

41.1 

15 i 

55.55 1 

61.7 

20 

74,07 

82.3 

25 

92,59 

102.9 

60 

185.18 

205.8 

75 

277.77 

308.6 

100 

370.37 

411.5 

160 

655,55 

617.3 

200 i 

1 740.74 

823.0 


(e) Sodium Hydroxide Solutions: Specification requires 95% NaOH in sticks of 
caustic soda. Dissolve and dilute to I liter. 


NaOH STEKNGia DESIRED 

GRAII3 PER LITER 

SnoUIM nrOHOXIDR reqcieed 


1 

12.5 

13.16 

j For crude fiber 

30 1 

31.58 " 


40 ! 

42.11 

Normal solution 

50 

52.63 


75 

78.95 

i 

100 

105.26 

1 

150 

157.89 


200 ! 

210.53 


250 1 

263 . 16 


300 i 

315.79 



(f) Alcoholic .So/ Id ions*; Specification requires 95% C'iHsOH hy volume. Sp. gr. 
= 0.810 at 25’. Mix and make to I liter. 


alcohol STRENGTH DESIRED 

CC PER UTER 

j ALCOHOL REQUIRED 

I CC 


50 

52.6 

42.63 

100 

105.3 

85.26 

150 

157.9 

127.89 

200 

210.5 

170.52 

250 

263.2 

213.16 

300 

315.9 

255.78 

400 

421.1 

. 341.04 

500 

526.3 1 

426.32 (proof) 

700 

736.8 1 

596.84 


I Alcohol of any desired strength may be obtained by taking the number of cc of ^ 5 % alcohol equivaler 
to the d^r^ strenKth and makiuK the solution up to 95 cc. For example. — To obtain a solution of 70' 
alcohol, take 70 cc of 95% alcohol and dilute to 95 cc. 


612 



REFERENCE TABLES 


XLII 


Degrees Brix, specijlc gravityj and degrees Baumi of sugar solutions^ 3 
(Plato's Tabled). 


SEORESa 
BRIX OR 

PER CENT 
BT 

WRIQHT 

or 

SUCROSE 

spBCinc 
GRAVITT AT 

20/20°C. 

SPECiric 
GRAVITY AT 

20/4^0. 

BAUME 

{MODOiUS 

H5) 

0.0 

1.00000 

0.998234 

0.00 

0.2 

1 .00078 

0.999010 

0.11 

0.4 

1.00155 

0.999786 

0.22 

0.6 

1.00233 

1 .000563 

0.34 

0.8 

1.00311 

1.001342 

0.45 

l.O 

1.00389 

1.002120 

0.56 

1,2 

1.00467 

1.002897 

0.67 

1.4 

1.00545 

1.003675 

0.79 

1.6 

1.00623 

1.004453 

0.90 

1.8 

1.00701 

1.005234 

1.01 

2.0 

1.00779 

1.006015 

1.12 

2.2 

1.00858 

1.006796 

1.23 

2.4 

1.00936 

1.007580 

1.34 

2.6 

1.01015 

1.008363 

1.46 

2.8 

1 .01093 

i 1.009148 

1.57 

3.0 

1.01172 

1.009934 

1,68 

3,2 

1.01251 

1.010721 

1.79 

3.4 

1.01330 

1.011510 

1.90 

3.6 

1.01409 

1 .012298 

2.02 

3.8 

1 .01488 

1,013089 

2.13 

4.0 

1.01567 

1.013881 

2.24 

4.2 

1 .01647 

1.014673 

2.35 

4.4 

1.01726 

1 .015467 

2,46 

4.6 

1 .01806 

1 .016261 

2.57 

4.8 

1.01886 

1.017058 

2,68 

5.0 

1.01965 

1.017854 

2.79 

5.2 

1 .02045 

1,018652 

2.91 

5.4 

1 ,02125 

1.019451 

3,02 

5.0 

1.02206 

1.020251 

3.13 

5,8 

1 .02286 

1.021053 

3.24 

6.0 

1.02366 

1 .021855 

3.35 

6.2 

1.02447 

1 .022659 

3.46 

6.4 

1.02527 

1.023463 

3.57 

6,6 

1.02608 

I .024270 

3.69 

6.8 

1.02689 

1.025077 

3,80 

7.0 

1.02770 

1.025885 

3.91 

7.2 

1.02851 

1.026694 

4.02 

7.4 

1,02932 

1.027504 

4.13 

7.6 

1.03013 

1.028316 

4.24 

7.8 

1,03095 

1.029128 

4.35 

8.0 

1 .03176 

1 ,029942 

4.46 

8.2 

1.03258 

1 .030757 

4.58 

8.4 

1.03340 

1.031573 

4.69 

8.6 

1.03422 

1.032391 

4.80 

8.8 

1.03504 

1.033209 

4.91 


DEGREES 
BRlX OB 
PERCENT 
BT 

WEIGHT 

or 

SUCROSE 

sPECiric 
QRAYITT AT 

20/20*C, 

SPECIFIC 
GRAVITT AT 

20/4=C. 

DEGREES 

bauu£ 

(UODULUS 

145) 

9.0 

1.03586 

1.034029 

5.02 

9.2 

1.03668 

1.034850 

5.13 

9.4 

1.03750 

1.035071 

5.24 

9.6 

1.03833 

1.036494 

5.35 

9.8 

1.03915 

1.037318 

5.46 

10.0 

1.03998 

1.038143 

5.57 

10.2 

1.04081 

1.038970 

5.68 

10.4 

1,04164 

1.039797 

5.80 

10.6 

1,04247 

1.040626 

5.91 

10.8 

1.04330 

1.041456 

6.02 

11. 0 

1,04413 

1.042288 

6.13 

11 .2 

L . 04497 

1.043121 

6.24 

11.4 

1.01580 

1.043954 

6.35 

11.6 

1.04664 

1.044788 

6 .46 

11.8 

1.04747 

1,045625 

6.57 

12.0 

1.04831 

1.046462 

6.68 

12.2 

1.04915 

1,047300 

6.79 

12.4 

1.04999 

1.048140 

6.90 

12.6 

1.05084 

1,048980 

7.02 

12.8 

1.05168 

1.049822 

7.13 

13.0 

1.05252 

1.050665 

7.24 

13.2 

1.05337 

1.051510 

7.35 

13.4 

1.05422 

1.052356 

7.46 

13.6 

1.05506 

1.053202 

7.57 

13.8 

1.05591 

1.054050 

7.68 

14.0 

1.05 G 77 

1.054900 

7.79 

14.2 

1.05762 

1.055751 

7.90 

14.4 

1.05847 

1.056602 

8.01 

14.6 

1,05933 

1.057455 

S .12 

14,8 

1.06018 

1 .058310 

8.23 

15.0 

1 ,06104 

1.059165 

8.34 

15.2 

1.06190 

1.060022 

8.45 

15.4 

1.06276 

1.060880 

8.56 

15.6 

1.06362 

1 .061738 

8.67 

15.8 

1 .06448 

1 .062598 

8.78 

16.0 

1 .06534 

1 .063460 

8.89 

16.2 

1.06621 

1.064324 

9.00 

10.4 

1.06707 

1.065188 

9.11 

16.6 

1.06794 

1.066054 

9.22 

16.8 

1.06881 

1 .066921 

9.33 

17.0 

1.06968 

1.067789 

9.45 

17.2 

1.07055 

1.068658 

9.66 

17.4 

1.07142 

1,069529 

9.67 

17.6 

1 .07229 

1.070400 

9.78 

17.8 

1,07317 

1.071273 

9.89 


1 llL'edupilf Allies accepted by the 

Inteniatiunal Cummismon for Uiiifyiuft Methods of Sugar Auaiysis. 
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3 Defifrees Brix, specific gravity, and degrees Baurn^ of sugar solutions. — Continued. 


DEQBKXS 
BKU OK 
FKBCINT 
BI 

WBIQHT 

or 

SUCBOSX 

spKcinc 
oRAvrrr at 
20 / 20 * C , 

sPRcmc 
GRATITT AT 

20 / 4 ® C . 

DXQREES 

BAUEi 

(Monnuis 

145) 

CEOEIEBS 
BRtX OR 
PBR CENT 
BT 

, WEIGHT 
OF 

SUCROSE 

RPBCIFIC 
GRAVITY AT 

20 / 20 ® C . 

BPKCITIC 
GRAVITY AT 

20 / 4 ® C . 

DEGREES 

BAUui 

(uODtlUB 

H 5 ) 

18.0 

1.07404 

1.072147 

10.00 

27.0 

1.11480 

1.112828 ' 

14.93 

18.2 

1.07492 

1 .073023 

10.11 

27.2 

1.11573 

1.113763 1 

15.04 

18.4 

1.07580 

1,073900 

10,22 

27.4 

1.11667 

1.114697 

15.15 

18.6 

1 .07668 

1.074777 

10.33 

27.6 

1.11761 

1.115636 

15.26 

18.8 

1.07756 

1.075657 

10.44 

27.8 

1.11855 

1.116572 

15.37 

19.0 

1.07844 

1.076537 

10.55 

28.0 

1.11949 1 

1.117512 

* 15.48 

19.2 

1.07932 

1.077419 

10.66 

28.2 

1.12043 

1.118453 

15.59 

19.4 

1.08021 

1.078302 

10.77 

28.4 

1.12138 

: 1.119395 

15.69 

19.6 

1.08110 

1.079187 

10.88 

28.6 

1.12232 

1.120339 

15.80 

19.8 

1 .08198 

1.080072 

10.99 

28.8 

1.12327 

1,121284 

15,91 

20.0 

1 .08287 

1.080959 

11.10 

29.0 

1 . 12422 

1.122231 

16.02 

20.2 

1 .08376 

1.081848 , 

11.21 

29.2 

1 1.12517 

1.123179 

16.13 

20.4 

1.08465 

1.082737 

11.32 

29,4 

1 1.12612 

1.124128 

16.24 

20.6 

1.08554 

1.083628 ' 

11.43 

29.6 

i 1.12707 

1.125079 

16,35 

20.8 

1.08644 

1.084520 ! 

11.54 

29.8 

1.12802 

1 . 126030 

16,46 

21.0 

1.08733 1 

1.085414 

11.65 

30.0 

1.12898 

1,126984 

16.57 

21.2 

1.08823 1 

1.086309 

11.76 

30.2 

1.12993 

1.127939 

16.67 

21.4 

1.08913 

1.087205 

11.87 

30.4 

1.13089 

1.128896 

16.78 

21.6 

1.09003 

1.088101 

11.98 

30.6 

1.13185 

1.129853 

16.89 

21.8 , 

1.09093 

1.089000 

12.09 

30.8 

1.13281 

1,130812 

17.00 

22.0 

1.09183 

1.089900 

1 12.20 

31.0 

1.13378 

1.131773 

17.11 

22.2 

1.09273 

, 1.090802 

i 12.31 

31.2 

1.13474 

1.132735 

17.22 

22.4 ' 

1.09364 

1.091704 

1 12.42 

31.4 

1 . 13570 

1 . 133698 

17.33 

22.6 ' 

1.09454 

1.092607 

1 12,52 

31.6 

1.13667 

1.134663 

17.43 

22.8 1 

1.09545 

1.093513 

12.63 

31.8 

1.13764 

1.135628 

17.54 

23.0 

1.09636 

1.094420 

12.74 

32.0 

1.13861 

1.136596 

17.65 

23.2 1 

1.09727 

1.095328 

1 12.85 

32.2 

1 . 13958 

1.137565 

17.76 

23.4 ! 

1.09818 

! 1.096236 

i 12.96 

32.4 

1.14055 

1.138534 

17.87 

23.6 ! 

1.09909 

1.097147 

1 13.07 

32.6 

1.14152 

1.139506 

17.98 

23.8 

1 . 10000 

1.098058 

1 13.18 

32.8 

1.14250 

1 , 140479 

18.08 

24.0 

1 , 10092 

1.098971 

, 13.29 

33.0 

1 . 14347 

1.141453 

18.19 

24.2 

1.10183 

1 .099886 

13.40 

33.2 

1.14446 

1.142429 

18.30 

24.4 

1 1.10275 

1 . 100802 

13.51 

33.4 

1.14543 

1.143405 

18.41 

24.6 

1 1.10367 

1.101718 

13.62 

33.6 

1.14641 

1.144384 

18.52 

24.8 

j 1.10459 

1.102637 

13.73 

33.8 

1.14739 

1.145363 

18.63 

25.0 

1.10551 

1.103557 

13.84 

34.0 

1.14837 

1 . 146345 

18.73 

25.2 

I 1.10643 

, 1.104478 

1 13.95 

34.2 

1.14936 

1 . 147328 

18.84 

25.4 

1.10736 

1 . 105400 

1 14.06 

34.4 

1.15034 

1.148313 

18.95 

25.6 

, 1.10828 

1 . 106324 

14.17 

34.6 

1.15133 

1 . 149298 

19.06 

25.8 

1.10921 

: 1.107248 

i 14.28 

34.8 

1.15232 

1.150286 

19.17 

26.0 

1.11014 

1.108175 

14.39 

35,0 

1.15331 

1.151275 

19.28 

26.2 

1.11106 

1.109103 

14.49 

35.2 

1 . 15430 

1 . 152265 

19.38 

26.4 

1.11200 

1.110033 

14.60 

35.4 

1.15530 

1 . 153256 

19.49 

26.6 

1.11293 

1.110963 

14.71 

35.6 

1.16629 

1 . 154249 

19.60 

26.8 

1.11386 

1.111895 

14.82 1 

35.8 

1.16729 

1 . 165242 

19.71 
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Degrees Brix, specific gravityy and degrees BaunU of sugar solutions. — Continued. 3 


DXGHXES 
BBIX OB 
PER CENT 
BT 

■WEIOHT 

OF 

SUCROSE 

SPECIFIC 
ORAVITT AT 

• 20/20"C. 

SPECIFIC 
ORAVITT AT 

20/4®C. 

BEOREES 

BAUUi 

(modulus 

145) 

DEOBEBS 
BRIX OR 

PER CENT 
BT 

WEIGHT 

OF 

SUCROSE 

BPKCirrc 
QBAVITT AT 

20/20*>O. 

SPRCITIC 
GRATITT AT 

20/4'’C. 

DEGREES 

baum£ 

(modulus 

145) 

36.0 

1 . 15828 

1.150238 

19.81 

45.0 

1.20467 

1.202540 

24.63 

36.2 

1 . 15928 

1.157235 

19.92 

45.2 

1.20573 

1.203603 

24.74 

36.4 

1 . 16028 

1 . 158233 

20.03 

45.4 

1.20680 

1.204668 

24.85 

36.6 

1.16128 

1.159233 

20.14 

45.6 

1.20787 

1.205733 

24.95 

36.8 

1.16228 

1.160233 

20.25 

45.8 

1.20894 

1.206801 

25.06 

37.0 

1.16329 

1.161236 

20.35 

46.0 

1.21001 

1.207870 

25.17 

37.2 

1.16430 

1 . 162240 

20.46 

46.2 

1.21108 

1.208940 

25.27 

37.4 

1 . 16530 

1.163245 

20.57 

46.4 

1.21215 

1.210013 

25.38 

37.6 

1.16631 

1.164252 

20.68 

46.6 

1.21323 

1.211086 

25.48 

37.8 

1 . 16732 

1.165259 

20.78 

46.8 

1.21431 

1.212162 

25.59 

38.0 

1.16833 

1 . 166269 

20.89 

47.0 

1.21538 

1.213238 

25.70 

38.2 

1.16934 

1 . 167281 

21.00 

47.2 

1.21646 

1.214317 

25.80 

38.4 

1.17036 

1 . 168293 

21.11 

47.4 

1.21755 

1.215395 

25.91 

38.6 

1,17138 

1.169307 

21.21 

47.6 

1.21863 

1.216476 

26.01 

38.8 

1.17239 

1.170322 

21.32 

47.8 

1.21971 

1.217559 

26.12 

39.0 

1.17341 

1.171340 

21.43 

48.0 

1.22080 

1.218643 

26.23 

39.2 

1 . 17443 

1.172359 

21.54 

48.2 

1.22189 

1.219729 

26.33 

39.4 

1 . 17545 

1 . 173379 

21,64 

48.4 

1 . 22298 

1 .220815 

26.44 

39.6 

1.17648 

1 . 174400 

21.75 

48.6 

1.22406 

1.221904 

26.54 

39.8 

1.17750 

1 . 175423 

21.86 

48.8 

1.22516 

1.222995 

26.65 

40.0 

1.17853 

1.176447 

21.97 

49.0 ’ 

1.22625 

1.224086 

26.75 

40.2 

1.17950 

1.177473 

22.07 

49.2 

1.22735 1 

1.225180 

26.86 

40.4 

1.18058 

1.178501 

22 . 18 

49.4 

1.22844 

1 . 226274 

26. 90 

40.6 

1 . 18162 

1 . 179527 

22 , 29 

49.6 

1.22954 

1 .227371 

27.07 

40.8 

1 . 18265 

1 . 180560 

22 . 39 

49.8 

1.23064 

1,228469 

27.18 

41.0 

1 . 18368 

1.181592 

22.50 

i 50.0 

1.23174 

1.229567 

27.28 

41.2 

1.18472 

1 . 182625 

22.61 

50.2 

1.23284 

1.230668 

27.39 

41.4 

1.18575 

1 . 183660 

22.72 

50.4 

1.23395 

1.231770 

27.49 

41.6 

1.18679 

1 . 184696 

22.82 

50.6 

1.23506 

1.232874 

27.60 

41,8 

1.18783 

1.185734 

22.93 

50.8 

1.23616 

1.233979 

27.70 

42.0 

1.18887 

1,186773 

23.04 

51.0 

1.23727 

1.235085 

27.81 

42.2 

1 . 18992 

1.187814 

23.14 

51.2 

1.23838 

1.236194 

27.91 

42.4 

1 . 19096 

1 . 188856 

23.25 

51.4 

1.23949 

1.237303 

28.02 

42.6 

1 . 19201 

1 . 189901 

23.36 

51.6 

1.24060 

1.238414 

28.12 

42.8 

1 . 19305 

1 . 190946 

23.46 

51.8 

1.24172 

1.239527 

28.23 

43.0 

1.19410 

1.191993 

23.57 

52.0 

1.24284 

1.240641 

28.33 

43.2 

1.19515 

1.193041 

23.68 

52.2 

1.24395 

1.241757 

28.44 

43.4 

1 . 19620 

1 . 194090 

23.78 

52.4 

1.24507 

1.242873 

28.54 

43.6 

1.19726 

1.195141 

23.89 

52.6 

1.24619 

1.243992 

28.65 

43.8 

1.19831 

1.196193 

24.00 

52.8 

1.24731 

1.245113 

28.75 

44.0 

1 . 19936 

1 . 197247 

24.10 

53.0 

1.24844 

1.240234 

28.86 

44,2 

1.20042 

1.198303 

24.21 

53.2 

1.24956 

1.247358 

28.96 

44.4 

1.20148 

1 . 199360 

24.32 

53.4 

1.25069 

1.248482 

29.06 

44.6 

1.20254 

1.200420 

24.42 

53.6 

1.25182 

1 .249609 

29.17 

44.8 

1.20360 

1.201480 

24.53 

53,8 

1 .25295 

1.250737 

29.27 


615 



XLII 


METHODS OF ANALYSIS 


3 Degrees Brix, specific gravity y and degrees Baumi of sugar solutions. — Continued. 


DEGREES 
BKIX OR 
PERCENT 
BT 

WEIGHT 

Of 

sxrcaosE 1 

8P*cmc 
QR.<VlTt AT 

20/20“C. 

SPECINO 
OB.AVITt AT 

20/4''C. 

DEGBiiEfi 
BACME ! 

(MODm,IIS 

145) 

1 nGQRRBB 
, BRIX OH 
PER CENT 
BT 

WEIGHT 

OT 

SDCItOSE 

SPECIFIC 
GRAVITT AT 

20/2l)“C. 

SPECIFIC 
GRAVITY AT 

20/4°C. 

DEOHEEB 

BAOlli 

(uODCLCfi 

U5) 

54.0 

1 .25408 

1.251866 

29.38 

63.0 

1.30657 

1.304267 

34.02 

54, ‘2 

; 1.25521 

1.252997 

29.48 ! 

63.2 

1.30778 

1 .305467 

34.12 

54,4 

1 1.25635 

i 1.254129 

i 29.59 i 

63.4 

, 1 .30898 

1.306669 

34.23 

54.6 

i 1.25748 

1.255264 

29.69 

63 .6 

1.31019 

1.307872 

34.33 

54.8 

1 

1 1.25862 

i 1.256400 

1 29.80 

63,8 

: 1.31139 

1.309077 

34.43 

55.0 

' 1.25976 

' 1.257535 

' 29.90 

^ 64,0 

' 1.31260 

1.310282 

34.53 

55.2 

1 1.26090 

, 1.258674 

, 30.00 

i 64.2 

i 1.31381 

] .311489 

34.63 

55.4 

. 1.26204 

1.259815 

30.11 

■ 64.4 

; 1.31502 

1.312699 

34.74 

55.6 

i 1.26319 

i 1.260955 

1 30.21 

; 64.6 

1 1.31623 

1.313909 

34.84 

55.8 

1.26433 

; 1.262099 

, 30.32 

1 64.8 1 

1 1.31745 

1.315121 

34.94 

56.0 

: 1.26548 

1 1.263243 i 

30.42 i 

j 65.0 

i 1.31866 

1.316334 

35.04 

56.2 

1.26663 ! 

1 1.264390 1 

30.52 i 

I 65.2 

1 1.31988 

1.317549 

35.14 

56.4 

1 1.26778 

1 1.265537 ' 

1 30.63 : 

; 65.4 ^ 

1 1.32110 

1.318766 

35.24 

56.6 

, 1.26893 ! 

1.266686 1 

1 30.73 1 

' 65.6 i 

! 1.32232 

1.319983 

35.34 

56.8 

1.27008 1 

1.267837 i 

30.83 

: 65,8 

1 .32354 

1.321203 

35.45 

57.0 

' 1.27123 j 

' 1.268989 i 

30.94 

: 66.0 I 

1.32476 

1.322425 

35.55 

57.2 

1.27239 

1.270143 1 

31.04 : 

66,2 ! 

1 1.32599 

1.323648 

35.65 

57.4 j 

, 1.27355 ' 

i 1.271299 ' 

I 31.15 ; 

66.4 

i 1.32722 

1.324872 

35.75 

57.6 ; 

1.27471 ' 

1.272455 1 

i 31.25 1 

1 66,6 

1 .32844 

1.326097 

35.85 

57.8 1 

i 1.27587 

1.273614 

1 31.35 ; 

66.8 

1.32967 

1.327325 

35.95 

58.0 ' 

1 1,27703 

1.274774 ' 

31.46 ! 

67,0 ' 

1,33090 

1.328554 

36.05 

58.2 

! 1.27819 

1.275936 

31.56 : 

67.2 

1.33214 

1.329785 

36.15 

58.4 

1.27936 

1.277098 

31.66 i 

i 67.4 

1.33337 

1.331017 

36.25 

58.6 

1.28052 

1.278262 

31.76 

i 67.6 

1.33460 

i 1.332250 

1 36.35 

58.8 

1.28169 

1 1.279428 

31.87 : 

j 67.8 

1.33584 

! 1.333485 

j 36.45 

59.0 

1.28286 

i 1.280595 

i 31.97 

' 68.0 

i 1.33708 ^ 

1 1.334722 

36,55 

59.2 

! 1.28404 

1.281764 

i 32.07 

68.2 

1 . 33832 1 

: 1.335961 1 

36 . 66 

59.4 

^ 1.28520 

1,282935 

32.18 

1 68.4 

: 1.33957 

1.337200 

36-76 

59.6 

i 1.28638 

i 1.284107 

I 32,28 

i 1)8.6 

■ 1.34081 

1.338441 

36.86 

59.8 

i 1.28755 

1 1.285281 

I 32.38 ; 

68.8 

i 1.34205 ' 

1.339684 

1 36.96 

60.0 

1.28873 

i 1.286456 

1 32.49 

1 09.0 

1.34330 

1.340928 

37.06 

60.2 

1.28991 

1 1.287633 

32.59 

' 69.2 

1.34455 

1 .342174 

37.16 

60.4 

1.29109 

! 1.288811 

32.69 

69.4 

1.345S0 

1.343421 

37.26 

60.6 

1.29227 

1.289991 

32.79 : 

69.6 

1.34705 

1 .344671 

37.36 

60.8 

1.29346 

1 1.291172 

32.90 

69.8 

U 34830 

1.345922 

37.46 

61.0 

i 1.29464 

1.292354 

33.00 i 

70.0 

1.34956 

1.347174 

37.56 

61.2 

! 1.29583 

1.293539 

33 . 10 i 

70.2 

1.35081 

1.348427 

37.66 

61 .4 

: 1.29701 

1.294725 

33.20 : 

70.4 

1.35207 

1 . 349682 

37.76 

61.6 

^ 1.29820 

1.295911 

33.31 ^ 

70.6 

1.35333 

1.350939 

37.86 

61.8 

1.29940 

1.297100 

33.41 i 

70.8 

1.36459 

1.352197 

37.96 

62.0 

1.30059 

! 1.298291 

33.51 1 

, 71.0 

1.36585 

1.353450 

38,06 

62.2 

1.30178 

1 1.299483 

33.61 ' 

: 71.2 

1.35711 

1.354717 

38.16 

62.4 

1 .30298 

1 1.300677 

1 33.72 

71.4 

1.35838 

1.355980 

38.26 

62.6 

1.30418 

1 1.301871 

1 33.82 

71.6 

1.36964 

1.357245 

38.35 

62.8 

1 .30537 

i 1.303068 

33.92 i 

71.8 

1,36091 

1.358511 

38.45 
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Degrees Brix^ syecific gravity, and degrees Baum.4 of sugar solutions. — Continued. 3 


DEGRESS 
BRIX OR 
PER CENT 
BT 

WEIGHT 

OF 

SUCROSE 

SPECIFIC 
GRAVITY AT 

20y20'’C. 

SPECIFIC 
GRAVITY AT 

20/4°C. 

DEGREES 

BADUt 

(modulus 

145) 

DEGREES 
BHIX OR 
PER CENT 

BT 

WEIGHT 

OF 

SUCROSE 

RPECIFIC 
GRAVITY AT 

20/20°C. 

SPECIFIC 
GRAVITY AT 

20/4'‘C. 

DEGREES 

RAUME 

(modulus 

145} 

72.0 

1.36218 

1.359778 

38.55 

81.0 

1.42088 

1.418374 

42.95 

72.2 

1.36346 

1.361047 

38.65 

81.2 

1.42222 

1.419711 

43.05 

72.4 

1.36473 

1.362317 

38.75 

81.4 

1.42356 

1.421049 

43.14 

72.6 

1.36600 

1.363590 

38.85 

81.6 

1.42490 

1.422390 

43.24 

72.8 

1.36728 

1.364864 

38.95 

81 ,8 

1 .42625 

1.423730 

43.33 

73.0 

1.36856 

1.360139 

39.05 

82,0 

1.42759 

1.425072 

43.43 

73.2 

1 .36983 

1 .367415 

39,15 

82.2 

1.42894 

1.426416 

43.53 

73.4 

1.37111 

1.308093 

39.25 

82.4 

1.43029 

1.427761 

43.62 

73.0 

1.37240 

1.369973 

39.35 

82,6 

1.43164 

1.429109 

43.72 

73.8 

1.37368 

1.371254 

39.44 

82,8 

1.43298 

1.430457 

43.81 

74.0 

1 .37496 

1.372536 

39.54 I 

83,0 

1.43434 

1.431807 

43.91 

74.2 

1.37625 

1.373820 

39.64 1 

83.2 

1 . 43569 

1.433158 

44.00 

74.4 

1.37754 

1.375105 

39.74 

83.4 

1 . 43705 

1.434511 

44.10 

74.6 

1.37883 

1 , 376392 

39.84 

83.6 

1,43841 

1.435866 

44.19 

74.8 

1.38012 

1.377680 

39.94 

83.8 

1 , 43976 

1.437222 

44.29 

75.0 

1.38141 

1.378971 

40.03 i 

84.0 

1.44112 

1.438579 

44.38 

75.2 

1 . 38270 

1 . 380262 

40.13 i 

84.2 

1.44249 

1.439938 

44.48 

75.4 

1.38400 

1.381555 

40.23 1 

84.4 

1 .44385 

1,441299 

44.57 

75.6 

1 . 38530 

1.382851 

40.33 i 

84.6 

1.44521 

1.442661 

44.67 

75.8 

1.38660 

1,384148 

40.43 1 

84.8 

1 .44658 

1.444024 

44.76 

70.0 

1.38790 

1.385446 

40.53 : 

85.0 

1.44794 

1.445388 

44.86 

76.2 

1 .38920 

1.386745 

40.62 i 

85.2 

1.44931 

1.446754 

44.95 

70.4 

1.39050 

1 . 388045 

40.72 ’ 

85.4 

1.45068 

1.448121 

45.05 

76.0 

1.30180 

1.389347 

40.82 : 

85.6 

1.45205 

1.449491 

45.14 

76.8 

1,39311 

: 1.390651 

40.92 : 

85.8 

1.45343 

1.450860 

45.24 

77.0 

1 .30442 1 

1.391956 

41.01 i 

86.0 

1.45480 

1.452232 

45.33 

77.2 

1 .39573 

1 .393203 

41.11 i 

86.2 

1.45618 

1 . 453605 

45.42 

77.4 

1 .39704 

1.394571 

11.21 

86.4 

1.45755 

1.454980 

45.52 

77.6 

1.39835 

1.395881 

41.31 

86.0 

1.45893 

1.456357 

45.61 

77.8 

1.39966 

1.397192 

41,40 ; 

86.8 

1.46031 

1.457735 

45.71 

78.0 

1.40098 

1.398505 

41.50 i 

87.0 

1.46170 

1.459114 

45.80 

78,2 

1.40230 

1,399819 

41.60 

87.2 

1.46308 

1.460495 

1 45.89 

78.4 

1.40361 

1.401134 

41.70 : 

87.4 

1.46446 

1.461877 

; 45.99 

78.6 

1.40493 

1.402452 

41.79 

87.6 

1.46585 

1.463260 

46.08 

78.8 

1.40025 

1.403771 

41.89 : 

87.8 

1.46724 

1.464645 

46.17 

70.0 

1.40758 

1.405091 

41.99 : 

88.0 

1.46862 

1.466032 

46.27 

70.2 

1 . 40890 

1 .406412 

42.08 ' 

88.2 

1.47002 

1.467420 

46.36 

79.4 

1 .41023 

1 ,107735 

42.18 

88.4 

1.47141 

1.468810 

46.45 

79.6 

1.41155 

1.409061 

42 , 28 

88.6 

1.47280 

S 1.470200 

46.55 

79.8 

1.41288 

1.410387 

42.37 j 

88.8 

1.47420 

1,471592 

46.64 

80.0 

1.41421 

1 .411715 

42.47 ' 

89.0 

1.47559 

1.472986 

46.73 

80.2 

1.41554 

1.413044 

42.57 : 

: 89.2 

1.47699 

1.474381 

46.83 

80.4 

1.41688 

1.414374 

42.66 

89.4 

1.47839 

1.475779 

46.92 

80.0 

1.41821 

1.415706 

42.76 

89.6 

1.47979 

1.477176 

47.01 

80.8 

1.41955 

1.417039 

42.85 

89.8 

1.48119 

1.478575 

47.11 
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XLII); 


METHODS OF ANALYSIS 


3 Degrees Brix^ specific gravitij^ and degrees Baumi of sugar solutions. — Concluded. 


DXOREK3 
BOIX OB 
P£R CENT 
BT 

WEIGHT 

or 

S0CBO8E 

SPECIFIC 
GRAVITT AT 

30/2l)“C. 

SPECIFIC 
OBATITT AT 

20/4''C. 

pBOBesa 

bauk£ 

{lIODTIHra 

145) 

DKQREEa 
BRIX OR 
PER CENT 

WEIGHT 

OF 

SUCROSE 

SPECIFIC 
ORAVITT AT 

20/20°C. 

aPECiric 
QRAYITT AT 

20/4*0. 

1 DEORSES 
BAUUi 
, {UODCIUS 

US) 

90.0 

1.48259 

1.479976 

47.20 

95.0 

1.51814 

1.515455 

1 49.49 

90.2 

1.48400 

1.481378 

47.29 

95.2 

1,51958 

1.516893 

1 49.68 

90.4 

1.48540 

1.482782 

47.38 

95.4 

1.52102 

1.518332 

1 49.67 

90.6 

1.48681 

1.484187 

47.48 

95.6 

1.52246 

1.519771 

1 49.76 

90.8 

1.48822 

1.485593 

47.57 

95.8 

1.52390 

1.521212 

1 49.85 

91.0 

1,48963 ' 

1.487002 

47.66 

96.0 

1.52535 

1.522656 

1 49.94 

91.2 

1.49104 ^ 

1.488411 

47.75 

96.2 

1.52680 

1 .524100 

1 50.03 

91.4 

1.49246 1 

1.489823 

47.84 

96.4 

1.52824 

1,525546 

1 50.12 

91.6 

1.49387 1 

1.491234 

47.94 

96.6 

1.52969 

1,526993 

50.21 

91.8 

1.49529 

1.492647 

48.03 

96.8 

1.53114 

1.628441 

50.30 

92.0 

1.49071 

1.494063 

48.12 

97.0 

1.53260 

1.529891 

50.39 

92.2 

1.49812 

1.495479 

48.21 

97.2 

1.53405 

1.531342 

50.48 

92.4 

1.49954 

1.496897 

48.30 

97.4 

1.53551 , 

1.532794 

50.57 

92.6 

1.50097 

1.498316 

48.40 

97.6 

1.53696 1 

1.534248 

50,66 

92.8 

1.50239 

1 . 499736 

48.49 

97.8 

1.53842 

1.535704 

50.75 

93.0 

1.50381 

1.501158 

48.58 

98.0 

1.53988 ' 

1.537161 

50.84 

93.2 ' 

1.50524 

1,502582 

48.67 

98.2 

1.54134 1 

1.538618 

50.93 

93.4 

1 . 50667 

1 1.504006 ’ 

48.76 

98.4 

1.54280 1 

1.640076 

51 .02 

93.6 

1.50810 

j 1.505432 ! 

48.85 

98.6 

1,54426 ' 

1.541536 

51.10 

93.8 

1 . 50952 

i 1.506859 

48.94 

98.8 

1.54573 1 

1.542998 

51.19 

94.0 

1.51096 

1.508289 1 

49.03 

99.0 

1.54719 ! 

1 . 544462 

51.28 

94.2 

j 1.51239 

1.509720 

49.12 

99.2 

1 1.54866 ! 

1.545926 

51.37 

94.4 

1 1.51382 

1.5U151 ! 

49.22 

99.4 

1.55013 1 

1.547392 

51.46 

94.6 

1.51526 

1.512585 1 

49.31 

99.6 

1.55160 1 

1.548861 

51.55 

94.8 

1.51670 

1.514019 1 

49.40 

99.8 

1.55307 ' 

1.550329 

51.64 





100.0 

1 . 55454 

1 . 551800 

51.73 
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XLII 

Temperature corrections to readings of saccharimeters {standard at 2Q'^C). 4 

(Tliia table is c^culat^ from the data on thermal expartBion of sugar solutions by Plafco.i and it is assumed 
that the instru^nt is of Jena glass. The table should be used with caution and only for approximate 

r^ujta when tbe temperature differs much from the standard temperature or from the temperature of 
the surrounding air.) 


TBUPIUIA' 
Tuas IK 
DEOBEE3 1 
CBNTlOBADli 

1 OBSERVED PERCENTAGE OF SUGAR 

0 

5 

10 1 

15 ; 

20 

25 

30 

1 35 

40 

46 

50 

55 

1 60 

70 


Subtract — 

0 

0.30 

0 

.49 

0 

.65 

0 

.77 

0 

.89 

0 

.99 

1 

.08 

1 

.16 

1 , 

.24 

1 

.31 

1 

.37 

1 

.41 

1.44 

1.49 

6 

0.36 

0 

.47 

0 

.56 

0 

.65 

0 

.73 

0 

.80 

0 

,86 

0 

.91 

0 , 

.97 

1 

.01 

1 

.05 

1 

.08 

1.10 

1.14 

10 

0.32 

0 , 

,38 

0 

.43 

0 

.48 

0 

.52 

0 

.57 

0 

.60 

0 

.64 

0 , 

,67 

0 

i 

.70 

0 

.72 

0 

.74 

0.75 

0.77 

11 

0.31 

0 

.35 

0 

.40 

0 

.44 

0 

.48 

0 

.51 

0 

.55 

0 

.58 

0 , 

,60 

0 

.63 

0 

.65 

0 

.66 

0.68 

0.70 

12 

0.29 

0 , 

.32 

0 

.36 

0 

.40 

0 

.43 

0 

.46 

0 

.50 

0 

.52 

0 , 

,54 

0 

.56 

0 

.58 

0 

.59 

0.60 

0.62 

13 

0.26 

0 , 

,29 

0 

.32 

0 

.35 

0 

.38 

0 

.41 

0 

.44 

0 

.46 

0 , 

.48 

0 

.49 

0 

.51 

0 

.52 

0 . 53 i 

0.55 

14 

0.24 

0 , 

,26 

0 

.29 

0 , 

.31 

0 

.34 

0 

.36 

0 

.38 

0 

.40 

0 , 

,41 

0 , 

.42 

0 

.44 

0 , 

.45 

0 . 46 ; 

0.47 

15 

0.20 

0 , 

,22 

0 , 

.24 

0 , 

.26 

0 . 

.28 

0 

.30 

0 

.32 

0 

.33 

0 . 

,34 

0 , 

.36 

0 , 

.36 

0 , 

.37 

0.38 

0.39 

16 

0.17 

0 . 

.18 

n 

.20 

0 , 

.22 

0 . 

,23 

0 

.25 

0 

.26 

0 

.27 

0 , 

,28 

0 , 

,28 

' 0 . 

.29 

0 , 

,30 

0.31 

0.32 

17 

0.13 

0 , 

,14 

0 , 

.15 

0 , 

,16 

0 , 

,18 

0 

,19 

0 

.20 

0 

.20 

0 , 

,21 

0 

.21 

0 

,22 

0 , 

,23 

0.23 

0.24 

18 

0.09 

0 , 

,10 

0 , 

.10 

0 , 

.11 

0 . 

.12 

0 

,13 

0 

.13 

jO, 

,14 

0 , 

,14 

0 , 

,14 

0 , 

.15 

0 , 

,15 

0.15 

0.16 

19 

0.05 

0 . 

,05 

0 

.05 

0 , 

.06 

0 , 

,06 

0 

,06 

0 

.07 

' 0 , 

,07 

0 , 

,07 

0 , 

.07 

0 , 

,08 

0 , 

.08 

0.08 

0.80 

17.5 

0.11 

0 . 

,12 

0 

.12 

0 , 

.14 

0 , 

,15 

0 

.16 

0 

.16 

0 , 

,17 

' 0 . 

,17 

0, 

.18 

0 

,18 

0 , 

.19 

0.19 

0.20 

15.56 

0.18 

0 , 

,20 

0 , 

,22 

0 , 

.24 

0 . 

.26 

0 

.28 

0 , 

.29 

0 , 

.30 

0 . 

,30 

0 , 

.32 

0 

.33 

0 , 

.33 

0.34 

0.34 

(GO^F.) 





































Add - 

- 











21 

0.04 

0 , 

.05 

0 

.06 

0 

.06 

0 

.06 

0 

.07 

0 

.07 

0 

.07 

0 

.07 

0 

.08 

0 

.08 

0 

.08 

0.08 

0.09 

22 

0.10 

0 , 

,10 

0 

,11 

0 

.12 

0 

.12 

0 

.13 

0 

.14 

0 

.14 

0 

,15 

0 

.15 

0 

.16 

0 

.16 

0.16 

0.16 

23 

0.16 

0 , 

.16 

0 

.17 

0 

.17 

0 

.19 

0 

. 20 : 

0 

,21 

0 

,21 

0 

,22 

0 

.23 

0 

,24 

0 

.24 

0.24 

0.24 

24 

0.21 

0 

.22 

0 

,23 

0 

.24 

0 

.26 

0 

. 27 : 

0 

.28 

0 

,29 

0 

,30 

0 

.31 

0 

.32 

0 

.32 

0.32 

0.32 

25 

0.27 

0 

.28 

0 

.30 

0 

.31 

0 

.32 

0 

.34 

0 

.35 

0 

.36 

0 

.38 

0 

.38 

0 

.39 

0 

.39 

0.40 

0.39 

26 

0.33 

0 

. 34 : 

0 

,36 

0 

.37 

0 

.40 

0 

.40 

0 

.42 

0 

.44 

0 

,46 

0 

.47 

0 

.47 

0 

.48 

0.48 

0.48 

27 

0.40 

0 

.411 

0 

.42 

0 

.44 

0 

.46 

0 

.48 

0 

.50 

0 

.52 

0 

.64 

0 

.54 

0 

.55 

0 

.56 

0.56 

0.56 

28 

0.46 

0 

.47 

0 

.49 

0 

.51 

0 

.54 

0 

.56 

0 

.58 

0 

.60 

0 

,61 

0 

.62 

0 

.63 

0 

.64 

0.64 

0.64 

29 

0.54 

0 

.55 

0 

.56 

0 

.59 

0 

. 61 ' 

0 

.63 

0 

.66 

0 

. 68 ^ 

0 

.70 

0 

.70 

0 

.71 

0 

.72 

0.72 

0.72 

30 

0.61 

0 

.62 

0 

.63 

1 

0 

.66 

0 

.68 

0 

.71 

0 

.73 

0 

.76 

0 

.78 

0 

. 78 | 

0 

.79 

0 

.80 

0 . 80 | 

0.81 

35 

0.99 

1 

.01 

1 

.02 

1 

.06 

1 

.10 

1 

.13 

1 

.16 

1 

. 18 ' 

1 

1 

. 20 ' 

1 

.21 

1 

.22 

1 

.22 

1.23 

1.22 

40 

1.42 

1 

.45 

1 

.47 

1 

.51 

1 

.54 

1 

.57 

1 

.60 

1 

.62 

1 

.64 

1 

.65 

1 

.65 

1 

.65 

1.66 

1.65 

45 

1.91 

1 

.94 

1 

.96 

2 

.00 

2 

.03 

2 

.05 

2 

.07 

2 

.09 

2 

.10 

2 

.10 

2 

,10 

2 

.10 

2.10 

2.08 

50 

2.46 

2 

.48 

2 

.50 

2 

.53 

2 

.50 

2 

.57 

2 

.5S' 

2 

.59 

2 

.50 

2 

.58 

2 

,58 

2 

.57 

2,56 

2.52 

55 

3.05 

3 

.07 

3 

.09 

3 

.12 

3 

.12 

3 

.12 

3 

.12 

3 

.11 

3 

.10 

3 

.08 

3 

. 07 : 

3 

.05 

3.03 

2.97 

60 

3.69 

3 

.72 

3 

.73 

3 

.73 

3 

.72 

3 

.70 

3 

.67 

3 

.65 

3 

.62 

3 

.60 

3 

. 57 , 

3 

. 54 ' 

3.50 

3.43 

27.5 

0.43 

0 

.44 

0 

.46 

0 

.48 

0 

.50 

0 

.52 

0 

.54 

0 

.56 

0 

.58 

0 

.58 

0 

.59 

0 

.60 

0.60 

0.60 


Wjas., Abh. Kaiaerliche Normal-Eiohungs-Kommissiou, Vol, 2, 1900, p. 140. 
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XLIl 


METHODS OF ANALYSIS 


5 Domke’s table of apparent spectre gravity of sucrose solutions at 20’'C} 

Calculated from the tables of the Kaiserliche Nohnal-Eiohungs-Kommiasion and accepted by the Inter- 
national Commission for Unifying Methods of Sugar Analysis. 


UGQUSlSS 
BRIX OR 
PKR CENT BY 
WKIGHT or 
SUCROSE 

.0 

.1 

,2 

.3 

.4 

.5 , 

.0 


.8 

1 .9 

0 

1,0000 

1.0004 

1.0008 

1.0012 

1.0016 

1.0019 

11.0023 

1.0027 

1 .0031 

1.0035 

1 

1.0039 

1.0043 

1.0047 

1.0051 

1.0055 

1.0058 

11.0062' 

1.0066' 

1.0070 

1.0074 

2 

1 .0078 

1.0082 

1.0086 

1.0090 

1.0094 

1,0098 

11.0102' 

1.0106 

1 .0109! 

1.0013 

3 

1.0117 

1.0121 

1.0125 

1.0129 

1.0133 

1.0137 

il.0141' 

1.0145' 

1 .01491 

1.0153 

4 

1.0157 

1.0161 

1.0165 

1 .0169' 

1.0173 

1.0177 

1.0181' 

1.0185' 

1 .0189] 

1.0193 

5 

1.0197 

1.0201 

1 .0205 

1.0209 

1.0213 

1.0217 

1.0221 

1.0225 

1.0229 

1 .0233 

6 

1.0237 

1.0241 

1.0245 

1.0249 

1,0253 

1.0257 

1.0261 

1.0205 

1.0269' 

1 .0273 

7 

1.0277 

1.0281 

1.0285 

1,0289 

1.0294 

1.0298 

1.0302 

1.0306 

1.0310' 

1.0314 

8 

1.0318 

1.0322^ 

1.0326 

1.0330 

1.0334 

1.0338 

i 1.0343 

1,0347 

1.0351' 

1 .0355 

9 

1.035G 

1.0363' 

1.0367 

1.0371 

1.0375 

1.0380 

1.0384 

1.0388 

1.0392 

1 .0396 

10 

1.0400 

1 . 0404 ' 

1.0409 

1.0413 

1.0117 

1.0421 

1.0425 

1.0429 

1.0433 

1 .0438 

n 

1.0442 

1.0446 

1.0450 

1.0454 

1.0459 

1.0463' 

1.0467 

1.0471 

1.0475 

1.0480 

12 

1.0484 

1.0488 

1.0492 

1,0496 

1.0501 

5.0505' 

1 .0509 

1.0513 

1.0517 

1.0522 

13 

1.0526 

1.0530' 

1.0534 

1.0539 

1.0543 

1 . 0547 : 

1 .0551 

1.0556 

1.0560 

1.0564 

14 

1 .0568 

1.0573! 

1.0577 

1.0581 

1 .0585 

1.0589 

1 .0594 

1.0598 

1 .0603 

1 .0607 

lo 

1.0611 

1 .06 15 ' 

1 .0020 

1 .0624 

1.0628 

1.0633 

1.0637 

1.0641 

1.0046 

1,0650 

16 

1.0654 

1.0659' 

1.0663 

1.0667 

1,0672 

1.0676' 

1,0680 

1 .0685 

1,0689 

1.0693 

17 

1.0698 

1.0702' 

1.0706 

1.0711 

1.0715 

1.0719 

1 ,0724 

1 .0728 

1 ,0733 

1.0737 

18 

1 .0741 

1.0746' 

1.0750 

1.0755 

1.0759 

1.0763' 

1.0708 

1 .0772 

1 .0777 

1.0781 

19 ' 

1 .0785 

1.0790 

1.0794 

1 ,0799 

1.0803 

1,0807 

1.0812 

1 .0816 

1 .0821 

1 .0825 

20 

1 .0830 

1,0834 

1,0839 

1.0843 

1.0848 

1.0852 

1,0856 

1.0861 

1 .0805 

1,0870 

21 ' 

11 .0874 

1.0879 

1.0883 

1.0888 

1,0892 

1.0897, 

1.0901 

1.0905 

1,0910 

1 .0915 

22 ' 

il .0919 

1.0924 

1.0928 

1 . 0933 ; 

1.0937 

1.0942 

1,0946 

1 .0951 

1 .0956 

1 .0960 

23 ' 

|1 .0965' 

1.0969 

1.0974 

1.0978 

1.0983 

1.0987 

1 .0992 

1 .0997 

1.1001 

1.1006 

24 ! 

|1 .10101 

1.1015 

1 . 1020 

1.1024' 

1 . 1029 

1.1033 

1.1038 

1.1043 

1 . 1047 

1 . 1052 

25 ' 

11.1056* 

1.1061 

1 . 1066 

1 . 1070 

1.1075 

1 . 1079 

1 . 1084 

1 . 1089 

1.1093 

1 . 1098 

26 

,1.1103' 

1.1101 

1.1112 

1.1117 

1.1121 

1.1126 

1.1131 

!l .1135 

1.1140 

1.1145 

27 ; 

, 1 . 1149 ! 

1.1154 

1.1159 

1.1163 

1.1168 

1 . 1173 ! 

11 .1178;!. 1182 

1.1187 

1.1192 

28 ! 

1.1196 

1 . 1201 

1.1206' 

1.1210 

1,1215 

1.1220 

1.1225 

1.1229 

1 . 1234 

1.1239 

29 1 

1 , 1244 

1.1248 

|1.1253j 

1 . 1258 

1 . 1263 

1.1267 

1.1272 

1 . 1277 

1.1282 

1.1287 

30 ! 

1.1291 

1.1296 

1.1301* 

1.1306 

1.13U 

1.1315 

1.1320 

1.1325 

1.1330 

1 . 1334 

31 1 

1 . 1339 

1.1344 

Il .1349 

1 . 1 354 ' 

1,1359 

1 . 1363 

1.1368 

1.1373 

1.1378 

1.1383 

32 i 

1.1388 

1 . 1393 

il.l397i 

1.1402 

1.1407 

1.1412 

1.1417 

1 . 1422 

1.1427 

1.1432 

33 i 

1 . 1436 

1.1441 

! 1.1446! 

1 1.1451 

1 . 1456 

1.1461 

1.1466 

1,1471 

1.1476 

1.1481 

34 1 

1 . 1 486 

1.1490 

1.1495 

j 1.1500 

1.1505 

1.1510 

1.1515' 

1 , 1520 

1.1525 

1.1530 

35 

1.1535 

1.1540 

1.1545 

'1.1550 

I .I555i 

1.1560 

i . 1565 

1.1570 

1.1575 

1,1580 

30 

1.1585 

!1.1590 

1 .1595 

11.1600 

11.1605 

1.1610 

1.1615' 1,1620 

1.1625 

1.1630 

37 

1.1635 

il.l640 

1.1645 

11.1650 

1.1655' 

1.1660 

1.166511.1670 

1.1675 

1.1680 

38 

1 . 1685 

4,1690 

1.1696 

1.1701 

! 1.1706 

1. 1711'!. 1716 

11.1721 

1.1726 

1.1731 

39 

1.1736 

,1.1741 

1 . 1746 

1.1752 

,1.1757 

jl.l762: 

1.1767 

1,1772^ 

1.1777 

1.1782 

40 

1.1787 

1.1793 

1.1798 

1 . 1803 

1.1808 

1.1813 1.1818 

*1,1824 

1 .18291 

1.1834 

41 

1.1839 

1 . 1844 

1.1849 

1.1855 

1.1860 

'1.1865:1.1870 1,1875 

1.1881. 

1.1886 

42 

1.1891 

1 . 1896 

1.1901 

1.1907 

1.1912 

il. 1917 1.1922' 

1,1928 

1.1933 

1.1938 

43 

1 .1943 

1,1949 

1.1954 

1 . 1959 

1 . 1964 

1. 1970:1, 1975!i. 1980' 

1.1985 

1.1991 

44 

1.1996 

1.2001 

1.2007 

1.2012 

1.2017 

1 1.2023} 1.2028' 1,2033' 

1.2039! 

1.2044 


‘ Z. Ver. dtul. Zudier-lnd., 62, 1106 (IS) 12;. 
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Domke’s table of apparent specific gravity of sucrose solutions at W°C, — Concluded. 5 


PKQREES 
BHIX OH 

PBK CENT flV 
WKtOHT 0? 

sncRos* 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

,9 

45 

1.2049 

1.2054 

1.2060 

1.2065 

1.2070 

1.2076 

1.2081 

L.2087 

1.2092 

1.2097 

46 

1.2102 

1.2108 

1.2113 

1.2118 

1.2124 

1,2129 

1.2135 

1.2140 

1.2146 

1.2151 

47 

1 .2156 

1.2102 

1.2167 

1 .2173 

1.2178 

1.2184 

1.2189 

1.2194 

1.2200 

1 .2205 

48 . 

1.2211 

1.2216 

1.2222 

1.2227 

1 . 2232 

1.2238 

1.2243 

1.2249 

1.2254 

1.2260 

49 

1 .2265 

1.2271 

1.2276 

1.2282 

1 . 2287 

1.2293 

1.2298 

1.2304 

1,2309 

1.2315 

50 

1.2320 

1.2326 

1.2331 

1.2337 

1.2342 

1.2348 

1.2353 

1.2359 

1.2364 

1.2370 

51 

1.2376 

1.2381 

1.2387 

1 . 2392 

1.2398 

1 . 2403 

1.2409 

1,2415 

1.2420 

1.2426 

52 

1.2431 

1 . 2437 

1 . 2442 

1,2448 

1.2454 

1.2459 

1.2465 

1.2471 

1.2476 

1.2482 

53 

1.2487 

1.2493 

1.2499 

1,2504 

1,2510 

1.2516 

1.2521 

1.2527 

1.2533 

1.2538 

54 

1 .2544 

1.2550 

1.2555 

1 .2561 

1 . 2567 

1.2572 

1,2578 

1.2584 

1.2589 

1.2595 

55 

1.2601 

1.2606 

1.2612 

1.2618 

1.2624 

1.2629 

1.2635 

1.2641 

1.2647 

1.2652 

56 

1.2658 

1,2664 

1.2670 

1.2675 

1.2681 

1 . 2687 

1.2693 

1.2698 

1.2704 

1.2710 

57 

1.2716 

1.2721 

1.2727 

1.2733 

1.2739 

1.2745 

1.2750 

1.2756 

1.2762 

1.2768 

58 

1.2774 

1 . 2779 

1.2785 

1 .2791 

1,2797 

1.2803 

1.2809 

1.2815 

1.2821 

1.2826 

59 

1.2832 

1.2838 

1.2844 

1.2850 

1.2856 

1.2861 

1.2867 

1.2873 

1.2879 

1.2885 

60 

1.2891 

1 .2897 

1.2903 

1.2909 

1.2914 

4.2920 

1.2926 

1.2932 

1.2938 

1.2944 

61 

1 .2950! 

1.2956 

1.2962 

1.2968 

1 . 2974 

1.2980 

1.2986: 

1.2992 

1.2998 

d.3004 

62 

1.3010 

1.3015 

1.3021 

1.3027 

1.3033 

1 . 3039 

1 . 3045 

1.3051 

1.3057 

1.3063 

63 

1.3069 

1.3075 

1.3081 

1.3087 

1.3093 

1.3100 

1.3106 

1.3112 

1.3118 

1.3124 

64 

1.3130 

1.3136 

1.3142 

1.3148 

1.3154 

1.3160 

1.3166 

1.3172 

1.3178 

1.3184 

65 

1.3190 

1.3197 

1 . 3203 

1.3209 

1.3215 

1.3221 

1,3227 

1.3233 

1.3239 

1.3245 

66 

1.3252 

1.3258 

1.3264 

1.3270 

1.3276 

1.3282 

1.3288 

1.3295 

1.3301 

1.3307 

67 

1.3313 

1,3319 

1.3325 

1.3332 

1.3338 

1.3344 

1.3350 

1.3356 

1.3363 

1.3369 

68 

1.3375 

1.3381 

1.3387 

1.3394 

1.3400 

1.3406 

1.3412 

1.3418 

1.3425 

1.3431 

69 

1.3437 

1.3443 

1.3450 

1.3456 

1 .3462 

1.3468 

1.3475 

1.3481 

1.3487 

1.3494 

70 

1.3500 

1.3506 

1.3512 

1.3519 

1.3525 

1 .3531 

1.3538 

1.3544 

1.3550 

1.3557 

71 

1.3563 

1.3569 

1.3575 

1 . 3582 

1 .3588 

1.3594 

1.3601 

1.3607 

1.3614 

1.3620 

72- 

1.3620 

1.3633 

1.3639 1.3645 

1.3652 

1.3658 

1.3664 

1.3671 

1 . 3677 

1,3684 

73 

1.3690 

1.3696 

1 .3703 

1.3709 

1.3716 

1.3722 

1.3729 

1.3735 

1.3741 

1.3748 

74 

1.3754 

1.3761 

1.3767 

1.3774 

1 .3780 

1.3786 

1.3793 

1.3799 

1.3806 

1.3812 

75 

1.3819 

H.3825 

'1.3832 

1.3838 

,1.3845 

1.3851 

1.3858 

1.3864 

1.3871 

1.3877 

76 

1.3884 

1.3890 

11.3897 

1 .3903 

; 1 .3910 

1.3916 

,1,3923 

,1.3929 

1.3936 

1 .3942 

77 

1.3949 

H.3955 

i 1 . 3962 

1,3969 

'1.3975 

,1.3982 

1.3988 

,1.3995 

1.4001 

1.4008 

78 

1.4015 

, 1 .4021 

1 . 4028 

,1.4034 

1.4041 

1.4048 

1.4054 

1.4061 

1.4067 

1.4074 

79 

1 .4081 

1.4087 

1.4094 

1.4101 

1.4107 

1.4114 

1.4121 

1.4127 

1.4134 

1.4140 

80 

1.4147 

1.4154 

; 1.4160 

1.4167 

1.4174 

1.4180 

'1.4187 

1.4194 

1.4201 

1.4207 

81 

1.4211 

; 1.4221 

i.4227 

1.4234 

. 1 ,4241 

1.4247 

1.4254 

1.4261 

1.4268 

1 1.4274 

82 

1.4281 

1.428S 

! 1.4295 

1.4301 

1 .4308 

; 1.4315 

,1.4322 

11.4328 

.1.4335 

,1.4342 

83 

1.4349 

H.4355 

i 1.4362 

: 1.4369 

1 1.4376 

'1.4383 

; 1.4389 

11.4396 

,1.4403 

1.4410 

84 

1.4417 

'1.4423 

1 1.4430 

11.4437 

1.4444 

: 1.4451 

1.4458 

; 1.4464 

1.4471 

1.4478 

85 

1.4485 

>1.4409 

! 1.4499 

11.4505 

i 1.4512 

! 1.4519 

i 1.4526 

11.4533 

; 1.4540 

11.4547 

86 

1.4554 

1 1.456C 

1 1.4567 

1.4574 

: 1.4581 

1.4588 

11.4595 

11.4602 

11.4609 

' 1 .4616 

87 

1.462c 

;i,462c 

) 1 . 463(i 

; 1.4643 

H.4656 

1 1.4657 

1.4604 

: 1.4671 

1.4678 

1 . 4685 

88 

1.469;: 

J1.469[ 

) 1.4700 

i 1.4713 

H.472C 

11.4727 

'1.4734 

.1.4741 

1.4748 

1.4755 

89 

90 

1.476;: 

1.4839 

! 1.4761 

) 1,4776 

11.4783 

H.479C 

11.4797 

'1,4804 

: 1.4811 

1.4818 

1 . 4825 
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METHODS OP ANALYSIS 


6 Schonroch’s table for determining the percentage of sucrose in sugar solutions by 
means of the Abbi refractometer} 


I^KRUC- 

TITB 

3NDM 

Ar 2 (P 

SUCROSE, 

PER 

CENT 

BKrRAC- 

TIVE 

INDEX 

AT 20® 

3DCR03E, 

PER 

CENT 

REFRAC- 

TIVE 

INDEX 

AT 20“ 

SUCROSE, 

PER 

CENT 

REFRAC- 

TIV* 

INDEX 

AT 20“ 1 

SUCROSE, 

PER 

CENT 

KEFRAO 1 
TIVE 1 

INDEX 

AT 20“ 

BtCBOBE, 

PER 

CENT 

1.3330 

0.0 

1.3464 

9.0 

1.3606 

18.0 

1.3758 ' 

27.0 

1.3920 

36,0 

.3333 

0.2 

.3467 

9.2 

.3609 

18.2 

.3761 1 

27.2 

.3924 

36.2 

.3336 

0.4 

.3470 

9.4 

.3612 

18.4 

.3765 * 

27.4 

.3928 

36.4 

.3338 

0.6 

.3473 

9.6 

.3616 

18.6 

.3768 ! 

27.6 

. 3931 * 

36.6 

.3341 

0.8 

.3476 

9.8 

.3619 ^ 

18.8 

.3772 ^ 

27.8 

.3935 

36.8 

.3344 

1.0 i 

.3479 

10.0 

.3622 

19.0 1 

.3775 

28.0 

.3939 

37.0 

.3347 

1.2 

.3482 

10.2 

.3625 

19.2 

.3779 

28.2 

.3943 

37.2 

.3360 

1.4 1 

.3485 

10.4 1 

.3629 

19.4 1 

.3782 

28.4 

.3947 

37.4 

.3353 ! 

1.6 

.3488 

10,6 

.3632 

19.6 

.3886 

28.6 

.3950 

37.6 

.3356 

1.8 

.3491 

10.8 

.3636 

19.8 

.3789 

28.8 

.3954 

37.8 

.3359 

2.0 

.3494 

, 11.0 

.3639 

20.0 

.3793 

29.0 ! 

.3958 ■ 

38.0 

.3362 

2.2 

.3497 

i 11.2 

.3642 

1 20.2 

.3797 

29.2 

.3962 

38.2 

.3365 

1 2.4 

.3500 

11.4 

.3645 

20.4 

j .3800 

1 29.4 

.3966 ! 

38.4 

.3368 

2.6 

.3504 

11.6 

.3649 

20.6 

.3804 

29.6 

1 .3970 

38.6 

.3371 

2.8 

.3507 

11,8 

.3652 

20.8 

.3807 

: 29.8 

1 .3974 

38.8 

.3374 

3.0 

.3510 

12.0 

.3655 

21.0 

.3811 

30.0 

i .3978 

39.0 

.3377 

3.2 

.3513 

12.2 

.3658 

21 .2 

.3815 

30.2 

i .3982 

39.2 

.3380 

3.4 

.3516 

12.4 

.3662 

21.4 

.3818 

30.4 

.3986 

39.4 

.3382 

3.6 

.3520 

12.6 

.3665 

21,6 

.3822 

30.6 

1 .3989 

39.6 

.3385 

3.8 

.3523 

12.8 

.3669 

21.8 

.3825 

30.8 

1 .3993 

39.8 

.3388 

4.0 

.3526 

13.0 

.3672 

22.0 

.3829 

31.0 

i .3997 

40.0 

.3391 

4.2 

.3529 

13.2 

.3675 

22,2 

.3833 

31.2 

.4001 

40.2 

.3394 

4.4 

.3532 

13.4 

.3679 

22.4 

.3836 

31.4 

.4005 

40.4 

.3397 

4.6 

.3535 

13.6 

.3682 

22.6 

.3840 

31.6 

1 .4008 

40.6 

.3400 

4.8 

.3538 

13.8 

.3686 

22.8 

.3843 

31.8 

1 .4012 ! 

40.8 

.3403 

5.0 

.3541 

14.0 

.3689 

23.0 

.3847 

32.0 

1 .4016 ^ 

41.0 

.3406 

5.2 

. 3544 

14.2 

.3692 

23.2 

.3851 

32.2 

i .4020 1 

41.2 

.3409 

5.4 

.3547 

14.4 

.3696 

23.4 

,3854 

32.4 

.4024 ! 

41.4 

.3412 

5.6 

.3551 

14.6 

.3699 

23.6 

.3858 

32.6 

1 .4028 

41.6 

.3415 

5,8 

.3554 

14.8 

.3703 

23.8 

.3861 

32.8 

,4032 

i 

41.8 

.3418 

6.0 

.3557 

15.0 

.3706 

24.0 

.3865 

33.0 

1 .4036 ' 

42.0 

.3421 

6.2 

.3560 

15.2 

.3709 

24.2 

.3869 

33.2 

.4040 

42.2 

.3424 

6.4 

.3563 

15.4 

.3713 

24.4 

.3872 

33.4 

.4044 

42.4 

.3427 

6.6 

.3567 

15.6 

.3716 

24.6 

.3876 

33.6 

.4048 

42.6 

.3430 

6.8 

.3570 

15.8 

.3720 

24.8 

.3879 

33.8 

.4052 

42.8 

.3433 

7.0 

.3573 

16.0 

.3723 

25.0 

.3883 

1 34.0 

.4056 

43.0 

.3436 

7.2 

.3576 

16.2 

.3726 

25.2 

.3887 

34.2 

.4060 

43.2 

.3439 

7.4 

.3680 

16.4 

.3730 

25.4 

1 .3891 

1 34.4 

.4064 

43.4 

.3442 

7.6 

.3583 

16.6 

.3733 

25.6 

.3894 

1 34.6 ' 

,4068 

43.6 

.3445 

7.8 

.3587 

16.8 

.3737 

26.8 

; .3898 

34.8 ' 

.4072 

43.8 

.3448 

8.0 

.3590 

17.0 

.3740 

26.0 

i .3902 

35.0 

.4076 

44.0 

.3451 

8.2 

.3593 

17.2 

.3744 

26.2 

.3906 

1 35.2 1 

.4080 

44.2 

.3454 

8.4 

.3596 

17.4 

.3747 

26.4 

.3909 

I 35.4 ' 

.4084 

44.4 

.3458 

8.6 

.3600 

17.6 

.3751 

26.6 

, .3913 

1 35.6 ' 

.4088 

44.6 

.3461 

8.8 

.3603 

17.8 

.3754 

26.8 

.3916 

35.8 ' 

.4092 

44.8 


IZ. K«r. deiU. Zucker-lnd., 48, 421 (1911). 
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SchonrocJc’s table. — Concluded. 
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RBTRACV 

Tiya 

JIfSXX 

AT 20“ 

aTJCHoes, 

psa 

CXMT 

HI! FRA C- 

IHDEX 

AT 20® 

aPCBOSE, 

PER 

CENT 

REFRAC- 

TIVE 

IN1>EX 

AT 20® 

StJCROSB, 

PER 

CENT 

RRPRAC- 1 

TIVE 

INDEX 

AT 20® 

SOCROfiE, 

PER 

CENT 

REFRAC- g 
TtVE 

INDEX 

AT 20“ 

CCROflB, 

PRR 

1.40% 

45.0 

1.4264 

53.0 

1.4441 

61.0 

1.4627 

69.0 

1.4825 

77.0 

.4100 

45.2 

.4268 

53.2 

.4446 

61.2 

.4631 

69.2 

.4830 

77.2 

.4104 

45.4 

.4272 

53.4 

.4450 

61.4 

.4636 

69.4 

.4835 

77.4 

.4109. 

45. G 

.4277 

53.6 

.4455 

61.6 

.4641 

69.6 

.4840 

77.6 

.4113 

45.8 

.4281 

53.8 

.4459 

61.8 

,4646 

69.8 

.4845 

77.8 

.4117 

46.0 

.4285 

54.0 

.4464 

62.0 

.4651 

70.01 

.4850 

78.0 

.4121 

46,2 

.4289 

54.2 

.4468 

62.2 

.4656 

70.2 

.4855 

78.2 

.4125 

46.4 

.4294 

54.4 

.4473 

62.4 

.4661 

70.4 

.4860 

78,4 

.4129 

46.6 

.4298 

54.6 

.4477 

62.6 

.4666 

70.0 

.4865 

78.6 

.4133 

46.8 

.4303 

54.8 

.4482 

62.8 

.4671 

70.8 

.4871 

78,8 

.4137 

47.0 

.4307 

55.0 

.4486 

63.0 

.4676 

71.0 

.4876 

79.0 

.4141 

47.2 

.4311 

55.2 

.4491 

63.2 

.4681 

71.2 

.4881 

79.2 

.4145 

47.4 

.4316 

55.4 

.4495 

63.4 

.4685 

71.4 

.4886 

79.4 

.4150 

47.6 

.4320 

55.6 

.4500 

63.6 

.4690 

71.6 

.4891 

i 79.6 

.4154 

47.8 

,4325 

55.8 

.4504 

63.8 

.4695 

71.8 

.4896 

79.8 

.4158 

i 48.0 

,4329 

56.0 

.4509 

64.0 

.4700 

: 72.0 

.4901 

80.0 

.4162 

48.2 

.4333 

56.2 

.4514 

64.2 

.4705 

72.2 

.4906 

80.2 

.4166 

48,4 

.4338 

56.4 1 

.4518 

64.4 

.4710 

72.4 

.4912 

80.4 

.4171 

48.6 

.4342 

56.6 

.4523 

64,6 

.4715 

72.6 

.4917 

80.6 

.4175 

48.8 

.4347 

56.8 

.4527 

64.8 

.4720 

72.8 

.4922 

80.8 

.4179 

49.0 

,4351 

57.0 

.4532 

65.0 

.4725 

73,0 

.4927 

81.0 

.4183 

49.2 

.4355 

57,2 

.4537 

65.2 

.4730 

73.2 

.4933 

81.2 

.4187 

49.4 

.4360 

57.4 

.4541 

65.4 

.4735 

73.4 

.4938 

81.4 

.4192 

49,6 

.4364 

57, G 

. .4546 

65.6 

.4740 

73.6 

.4943 

81.6 

.4196 

49,8 

.4369 

57.8 

.4550 

65.8 

.4744 

73.8 

.4949 

81.8 

.4200 

50,0 

,4373 

58.0 

.4555 

66.0 

.4749 

74.0 

.4954 

82.0 

.4204 

50.2 

.4378 

58.2 

.4560 

66.2 

.4754 

74.2 

.4959 

82.2 

.4208 

50.4 

.4382 

58.4 

.4565 

66.4 

.4759 

74.4 

.4964 

82,4 

.4213 

50.6 

.4387 

58.6 

.4569 

66.6 

.4764 

74.6 

.4970 

82.6 

.4217 

50.8 

.4391 

58.8 

.4574 

66.8 

.4769 

74.8 

.4975 

82.8 

.4221 

51.0 

.4396 

59.0 

.4579 

67.0 

.4774 

75.0 

.4980 

83.0 

.4225 

51.2 

.4400 

59.2 

.4584 

67,2 

.4779 

75.2 

.4985 

83.2 

.4229 

51.4 

.4405 

59,4 

.4589 

67.4 

,4784 

75.4 

.4991 

83.4 

.4234 

51.6 

.4409 

59.6 

.4593 

67.6 

.4789 

75,6 

.4996 

83.6 

.4238 

51.8 

.4414 

59.8 

.4598 

07.8 

,4794 

75.8 

.5001 

83.8 

.4242 

52.0 

.4418 

GO.O 

.4603 

68.0 

.4799 

76.0 

.5007 

84.0 

.4246 

52.2 

.4423 

60.2 

.4607 

68.2 

.4804 

76.2 

.5012 

84.2 

.4251 

52.4 

.4427 

60.4 

.4612 

68.4 

.4810 

76.4 

.5017 

84.4 

.4255 

52.6 

.4432 

60.6 

.4617 

68.6 

.4815 

76.6 

.5022 

84.6 

.4260 

52.8 

.4436 

60.8 

,4622 

68.8 

.4820 

76.8 

.5028 

84.8 









.5033 

85.0 


1 The valuee from 70 to 86% aro taken from Main’a table, Ivi. 9, 471 (1907). ’ 


623 



XLII METHODS OF ANALYSIS 


7 Table of corrections for determining the percentage of sucrose in sugar solutions 
by means of either the Ahbl or immersion refractometer when the readings 
are made at temperatures other than 20'^C} 


stjoah % 


5 

1 10 

: 

20 

1 

30 

40 

50 

«0 

70 

80 

Temp. 

To be subtracted from the per cent of sucrose 

15 

0.28 

0.30 

0.31 

0.32 

0.34 

0.35 

0.35 

0.37 

0.38 

0.39 

0,39 

0.40 

16 

.23 

.24 

.25 

.26 

.27 

.28 

.29 

.30 

.30 

.31 

.31 

.32 

17 

.17 

.18 

.19 

.20 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.24 

18 

.12 

.13 

.13 

.13 

.14 

.14 

.15 

.15 

.15 

.16 

.16 

.16 

19 

.06 

.06 

.07 

.07 

.07 

.07 

.07 

.08 

.08 

.08 

.08 

-08 





To be added to the 

per cent of sucrose 



21 

.06 

.07 

.07 

.07 

.07 

.07 

.07 

.08 

,08 

.08 

.08 

.08 

22 

.13 

.13 

.14 

,14 

.14 

.15 

.15 

.15 

.16 

.16 

.16 

.16 

23 

.20 

.20 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.24 

.24 

.24 

24 

.27 

.27 

.28 

.29 

.30 

.30 

.31 

.31 

.32 

.32 

.32 

.32 

25 

.34 

.35 

.36 

.37 

.37 

.38 

.38 

.39 

.40 

.40 

.40 

, .40 

26 

.41 

.42 

.44 

.44 

.45 

.46 

.46 

.47 

.48 

.48 

.48 

i .48 

27 

.49 

.50 

i .51 

.52 

.53 

.54 

.54 

.55 

.56 

.56 

.56 

.56 

28 

.57 

.58 

, .59 

.61 

.61 

.62 

.63 

.64 

.64 

.64 

.64 

.64 

29 

.65 

.66 

.68 i 

.69 

.70 

.71 

.71 

.72 

.72 

.72 

.72 

.72 

30 

.73 

.75 

1 .76 1 

.77 

.78 

.79 

.80 

.81 

.81 

.81 

.80 

.80 


‘The values ia this table were calculated by C. F. Snyder and J, A. Mathews from the temperature 
coefficients of Schourock, Z. Yer. deut. Zuchcr-Ind., 4S, 42o (19111. 
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REFERENCE TABLES 


XLII 


TaUe for determining the 'percentage of 8utro$e in sugar solutions from the read- 8 
ings of the Zeiss immersion refraciomeier at 20° C} 


BCALB 

20<'C. 


SUCROSE 

PER 

CENT 

eCALB 

RBADINO 

130®C. 


STJcansE 

FEB 

CENT 

SCAUi 

REACINO 

20®C. 


SUCROSE 

PER 

CENT 

14.47 

1.33299 

0 

45 

1.34463 

7.91 

76 

1.35606 

15.24. 

15 

3320 

0.15 

46 

4500 

8.15 

77 

5642 

15.47 

16 

3358 

0.41 

47 

4537 

8.39 

78 

5678 

15.69 

17 

3397 

0.68 

48 

4575 

8.64 

79 

■ 5714 

15.91 

18 

3435 

0.94 

49 

4612 

8.89 

80 

5750 

16.14 

19 

3474 

1.21 

50 

4650 

9.13 

81 

5786 

16.36 

20 

3513 

1 .48 

51 

4687 

1 9.38 

82 

5822 

16.58 

21 

3551 

1.74 

52 

4724 i 

9.62 

83 

5858 

16.81 

22 

3590 

2.01 

53 

4761 

9.86 

84 

5894 

17.03 

23 

3628 

2.27 

54 

4798 

10.10 

85 

5930 

17.25 

24 

3667 

2.54 

55 

4836 

10.34 

86 

5966 

17.47 

25 

3705 

2.80 

56 I 

4873 

10,58 

87 

6002 

17.69 

26 

3743 

: 3.07 

57 

4910 

10.82 

88 

6038 

17.91 

27 

3781 

3.33 

58 

4947 

11.06 

89 

6074 

18.12 

28 

3820 

3.59 

59 

4984 

11.30 

90 

6109 

! 18.34 

29 

3858 

3.85 

60 

5021 

11.54 

91 

6145 

18,56 

30 

3896 

4.11 

61 

5058 

11.78 

92 

' 6181 

18.78 

31 

3934 

4.36 

62 

5095 

12.01 

93 

6217 

19.00 

32 

3972 

4.62 

63 

5132 

12 . 25 

94 

6252 

19.21 

33 

4010 

4.88 

64 

5169 

12.48 

95 

6287 i 

19.42 

34 

4048 

5.14 

65 

5205 

12.72 

96 

6323 1 

19.63 

35 

4086 

5.40 

66 

5242 

12.95 

97 : 

6359 

19.85 

36 

4124 

5.65 


5279 

13.18 

98 i 

6394 

20. OG 

37 

4162 

5.91 

! 68 

5316 

13.41 

99 

6429 

20.27 

38 

4199 

6.16 

69 

5352 

13.64 

100 

6464 

20.48 

39 

4237 

6.41 

70 

5388 

13.87 

101 

6500 

20.69 

40 

4275 

6.66 

71 

5425 

14.10 

102 

6535 

20.90 

41 

4313 

0.91 

72 

5461 

14.33 

103 

6570 

21.11 

42 

4350 

7.16 

73 

5497 

14.56 

104 

6605 

21.32 

43 

4388 

7.41 

74 

5533 

14.79 

105 

6640 

21.53 

44 

4426 

7.66 

75 

5569 

15.01 





1 The values in this table were calculated by J. A. Mathews from the five-place indices of Schonrock as 
given by Landt, Z. Ver. dtut. Zucker-Ind,, 83, 692 (1938), 

> The scale readings refer only to the scale of arbitrary units proposed by Pulfricli, Z. angew. Chem., 
p. 1168 (1899), According to this scale 14.5=^1.33300, 50,0 = 1.34650, and 100.0=1.36464. If the immersion 
refractnmeter iised i.s calibrated according to another arbitrary scale, the readings must be converted into 
refractive indices before this table is used to determine the percentage of sugar. 
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XLII METHODS OP ANALYSIS 

9 Munson and Walker’s table for calculating dexiTose^ invert sugar alone, invert 
sugar in the presence of sucrose {04 gram and 2 grams total sugar), lactose, 
lactose and sucrose {2 mixtures), and maltose (crystallized)} 

(Expressed in milligrama.) 


$ 

0 

1 

1 

O 

u 

1 

1 

g 

§ 

s 

5 

ti. 

1 

IHYBRr 8DQAR ANH 
STCROSB 

LACTOSE 

LACT08B AND 
eOCEU)gE 

U A LTD BE 

f 

o 

§ 

0 

1 

B 

6 

2 grams total 
sugar 

O 

+ 

d 

d 

i'l 

h 

ii 

§ 

± 

<5 

6 

10 

8.9 

4.0 

4.5 

1.6 


6.3 

6.1 


6.2 

10 

12 

10.7 

4.9 

5.4 

2.5 


7.5 

7.3 


7.9 

12 

14 

12.4 

5.7 

6.3 

3.4 


8.8 

8.5 


9.5 

14 

16 

14.2 

6.6 

7.2 

4.3 


10.0 

9.7 


11.2 

16 

18 

16.0 

7.5 

8.1 

5.2 


11.3 

10.9 


12.9 

18 

20 

17.8 

8.3 

8.9 

6.1 


12.5 

12.1 


14.6 

20 

22 

19.5 

9.2 

9.8 

7.0 


13.8 

13.3 


16.2 

22 

24 

21.3 

10.0 

10.7 

7.9 


15.0 

14.5 


17.9 

24 

26 

23.1 

10.9 

11.6 

8.8 


16.3 

15.8 


19.6 

26 

28 

24.9 

11,8 

12.5 

9.7 


17.6 

17.0 


21.2 

28 

30 

26.6 

12.6 

13,4 

10.7 

4.3 

18.8 

18.2 


22.9 

30 

32 

28.4 

13.5 

14.3 

11.6 

5.2 

20.1 

19.4 


24.6 

32 

34 

30.2 

14.3 

15.2 

12.5 

6.1 

21.4 

20.7 


26.2 

34 

36 

32.0 

15.2 

16.1 

13.4 

7.0 

22.8 

22.0 


27.9 

36 

38 

33.8 

16.1 

16.9 

14.3 

7.9 

24.2 

23.3 


29.6 

38 

40 

35.5 

16.9 

17.8 

15.2 

8.8 

25.5 

24.7 


31.3 

40 

42 

37.3 

17.8 

18.7 

16.1 

9,7 

29.6 

26.0 


32.9 

42 

44 

39.1 

18.7 

19.6 

17.0 

10,7 

28.3 

27.3 


34.6 

1 44 

46 

40.9 

19,6 

20.5 

17.9 

11,6 

29.6 ; 

28.6 



36.3 

' 46 

48 

42.6 

20.4 

21,4 

18.8 

12.5 

31.0 i 

30.0 ! 


37.9 

! 48 

50 I 

44.4 ; 

21.3 1 

22.3 I 

19.7 

13.4 

32.3 

j 31.3 


39.6 

50 

52 

46.2 

22.2 

23.2 I 

20,7 

14.3 

33.7 

' 32.6 


41.3 

52 

54 

48.0 ! 

23.0 

24.1 

1 21.6 

15.2 

1 35.1 

, 34.0 


42.9 

54 

56 

49.7 

23.9 

25.0 

1 22.5 

16.2 

! 36.4 

35.3 


44.6 

56 

58 

51.5 

24.8 

i 25.9 

; 23.4 

17.1 

, 37.8 

36.6 


46.3 

58 

60 

1 53.3 

25.6 

26.8 

24.3 

18.0 

39.2 

37.9 


48.0 

60 

62 

55.1 

26.5 

27.7 

25.2 

18.9 

40.5 

39.3 


49.0 

62 

64 

56.8 

27.4 

28.6 

26.2 

19.8 

41.9 

40.6 


51.3 

64 

66 

58.6 

28.3 

29.5 

27,1 

20.8 

43.3 

41.9 


53.0 

66 

68 

60.4 

29.2 

30.4 

28.0 

21.7 

44.7 

43.3 

40.7 

54.6 

68 

70 

62.2 

30.0 

31.3 

28.9 

22.0 

46.0 

44.6 

41.9 

56.3 

70 

72 

64.0 

30.9 

32.3 

29.8 

23.5 

47.4 

45.9 

43.1 

58.0 

72 

74 

65.7 

31.8 

33.2 

30.8 

24.5 

48.8 

47.3 

44.2 

59.6 

74 

76 

67.5 

32.7 

34.1 

31,7 

25.4 

50.1 

48.6 

45.4 

61.3 

76 

78 

69.3 

33.6 

35.0 

32.6 

26.3 

51.5 

49.9 

46.6 

63.0 

78 

80 

71.1 

34.4 

35.9 

33.5 

27.3 

52.9 

51.3 

47.8 

64.6 

80 

82 

72.8 

35.3 

36.8 

34.5 

28.2 

54.2 

52.6 

49.0 

66.3 

82 

84 

74.6 

36.2 

37.7 

35.4 

29.1 

55.6 

53.9 

50.1 

68.0 

84 

86 

76.4 

37.1 

38.6 

36.3 

30.0 

57.0 

55.3 

51.3 

69.7 

86 

88 

78.2 

38.0 

39.5 

37.2 

31.0 

58.4 

56.6 

52.5 

71.3 

88 


* U. S. Bur, Standards Circ. 44, n. 139. The columns headed “liaotose " and ’'l<actt)se and Sucroxc ” were 
taken from “Methods of Bucar Analysis and Allied Determinations" by Arthur Given. 
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REFERENCE TABLES 


XLII 


Mumon and Walker’s table. — Continued. 9 

(Expressed in milligrams.) 


§ 

g 

e 

K 

0 

1 

1 

d 

8 

1 

1 

i 

0 

E- 

1 

INVBRT &U0A.R AND 
SUCttOSB 

LACTOSE 

LACTOSE AND 
RDCItOSZ 

MALTOSE 

q 

0 

0 

S 

c 

(U 

P 

II 

6 

O 

0 

+ 

1 

c 

|§ 

li 

0 

a 

t 

<5 

SI 

d 

90 

79.9 

38.9 

40.4 

38.2 

31.9 

59.7 

57.9 

53.7 

73.0 

90 

92 

81.7 

39.8 

41.4 

39.1 

32.8 

61.1 

59.3 

54.9 

74.7 

92 

94 

83.5 

40.6 

42.3 

40.0 

33.8 

62.5 

60.6 

56.0 

76.3 ! 

94 

96 

85.3 

41.5 

43.2 

41.0 

34.7 

63.8 

61.9 

57.2 

78.0 

96 

98 

87.1 

42.4 

44.1 

41.9 

35.6 

05.2 

63.3 

58.4 

79.7 

98 

100 

88.8 

43.3 

45.0 

42.8 

36.6 

66.6 

' 64.6 

59.6 

81.3 

100 

102 

90.6 

44.2 

46.0 

43.8 

37.5 

68.0 

66.0 

60.8 

83.0 

102 

104 

92.4 

45.1 

46.9 

44.7 

! 38.5 

69.3 

67.3 

62.0 

84.7 

104 

106 

94.2 

46.0 

47.8 

45.6 

39.4 

70.7 

68.6 

63.2 

86.3 

106 

108 

95.9 

46.9 

48.7 

46.6 

40.3 

72.1 

70.0 

64.4 

88.0 

108 

no 

97.7 

47.8 

49.6 

47.5 

41.3 

73.5 

71.3 

65.6 

89.7 

no 

112 

99.5 

48.7 

50.6 

48.4 

42.2 

74.8 

72.6 

66.7 

91.3 

112 

114 

101.3 

49.6 

51.5 

49.4 

43.2 

76.2 

74.0 

67.9 

93.0 

114 

116 

103.0 

50.5 

52.4 

50.3 

44.1 

77.6 

75.3 

69.1 

94.7 

116 

118 

104.8 

51.4 

53.3 

51.2 

45.0 

79.0 

76,7 

70.3 

96.4 

118 

120 

106.6 

52.3 

54.3 

52.2 

46.0 

80.3 

78.0 

71.5 

98.0 

120 

122 

108.4 

53.2 

55.2 

53.1 

46.9 

81.7 

79.3 

72.7 

99.7 

122 

124 

110.1 

54.1 

56.1 

54.1 

47.9 

83.1 

80.7 

73.9 

101.4 

124 

126 

111.9 

55.0 

57.0 

55.0 

48.8 

84.5 

82.0 

75.1 

103.0 

126 

128 

113.7 

55.9 

58.0 

55.9 

49.8 

85.8 

83.4 

76.3 

104.7 

128 

130 

115.5 

56.8 

58.9 

56.9 

50.7 

87.2 

84.7 

77.5 

106.4 

130 

132 

117.3 

57.7 

59.8 

57.8 

51.7 

88.6 

86.0 

78.7 

108.0 

132 

134 

119.0 

58.6 

60.8 

58.8 

52.6 

90.0 

87.4 

79.7 

109.7 

134 

136 

120.8 

’ 59.5 

61.7 

59.7 

53.6 

91.3 

88.7 

81.1 

111.4 

136 

138 

122.0 

60.4 

62.6 

60.7 

54.5 

92.7 

90.1 

82.3 

113.0 

138 

140 

124.4 

61.3 

63.6 

61.6 

^ 55.5 

94.1 

91.4 

83.5 

114.7 

140 

142 

126.1 

i 62.2 

64.5 

62.6 

1 56.4 

95.6 

92.8 

84.7 

116.4 

142 

144 

127.9 

i 63.1 

65.4 

63.5 

; 57.4 

96.8 

94.1 

85.9 

118.0 

144 

146 

129.7 

64.0 

66.4 

64.6 

1 58.3 

; 98.2 

95.4 

87.1 

119.7 

146 

148 

131.5 

65.0 

67.3 

65.4 

59.3 

99.6 

96.8 

88.3 

121.4 

148 

150 

133.2 

65.9 

68.3 

66.4 

60.2 

101.0 

98.1 

89.5 

123.0 

150 

152 

135.0 

66.8 

69.2 

67.3 

61.2 

102.3 

: 99.5 

90.8 

124.7 

152 

154 

136.8 

67.7 

70.1 

68.3 

62.1 

103.7 

1100.8 

92.0 

126.4 

154 

156 

138.6 

68.6 

71.1 1 

69.2 

63.1 

105.1 

102.2 

93.2 

128.0 

i 156 

158 

140.3 

69.5 

72.0 

1 

70.2 

64.1 

106.5 

103.5 

94.4 

129.7 

1 158 

160 

142.1 

70.4 

73.0 

71.2 

65.0 

107.9 

104.8 

95.6 

131.4 

1 160 

162 

143.9 

71.4 

73.9 

72.1 

66.0 

109.2 

106,2 

96.8 

133.0 

162 

164 

145.7 

72.3 

74.9 

73.1 

66,9 

110.6 

107.5 

: 98,0 

134.7 

i 164 

166 

147.5 

73.2 

75.8 

74.0 

67.9 

112.0 

108.9 

i 99.2 

136.4 

i 166 

168 

149.2 

74.1 

76.8 

1 

75.0 

68.9 

113.4 

110.2 

I 1 OO .4 

138,0 

168 
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METHODS or ANALYSIS 


9 JV/imson and Walker's table. — Continued. 

(Espresaed in milligrams.) 


s 

3 

o 

2 

X 

c 

p 

o 

p 

'3 

s 

p 

1 

I 

h 

1 

IMVEKT SUQAR AMU 
8XJCR08S 

LACTOSS 

LACTOSE AKO 
sncRosE 

MALTOSE 

u 

1 

p 

If 

I 

|| 

O 

f 

6 

4 

h 

h 

^ fe 


O 

+ 

O 

170 

151.0 

75.1 

77,7 

76.0 

69.8 

114.8 

111.6 

101.6 

139.7 

170 

172 

152.8 

76.0 

78.7 

76.9 

70.8 

116.1 

112.9 

102.8 

141.4 

172 

174 

154.6 

76.9 

79.6 

77.9 

71.7 

117.5 

114.3 

104.1 

143.0 

174 

176 

156.3 

77.8 

80.6 

78.8 

72.7 

118.9 

115,6 

105.3 

144.7 

176 

178 

158.1 

78.8 

81.5 

79,8 

73.7 

120.3 

117.0 

106.5 

146.4 

178 

ISO 

159.9 

70.7 

82.5 

80.8 

74.6 

121.6 

118,3 

107.7 

148.0 

180 

182 

161.7 

SO. 6 

83.4 

81.7 

75.6 

123.1 

U9.7 

108.9 

149,7 

182 

184 

163.4 

81,5 

84.4 

82.7 

76,6 

124,3 

121.0 

110.1 

151.4 

184 

186 

165.2 

82.5 

85.3 

83.7 

77.6 

125.8 

122.4 

111.3 

153.0 

186 

188 

167.0 

83.4 

86.3 

84.6 

78.5 

127.2 

123.7 

112.5 

154.7 

188 

190 

168,8 

84.3 

87.2 

85,6 

79.0 

128.5 

125.1 

113.8 

156.4 

190 

192 

170,5 

85.3 

88,2 

86.6 

SO. 5 

129,9 

126.4 

115.0 

158.0 

192 

194 

172.3 

86,2 

89.2 

87.6 

81.4 

131.3 

127.8 

116.2 

159,7 

194 

196 

174.1 

87.1 

90.1 

88,5 

82,4 

132.7 

129.2 

117.4 

161,4 

196 

198 

175.9 

88,1 

91.1 

89.5 

83.4 

134,1 

130.5 

US. 6 

163.0 

198 

200 

177.7 

89.0 

92.0 

90 . 5 

84. 4 

135.4 

131.9 

119.8 

164.7 

200 

202 

179.4 

89 . 9 

93.0 

91.4 

85,3 

136.8 

133.2 

121,0 

166.4 

202 

204 

181 ,2 

90.9 

94,0 

92.4 

86. 3 

138.2 

134.6 

122.3 

168.0 

204 

206 1 

183.0 

91.8 

94.9 

93.4 

87. 3 

139,6 

135,9 

123.5 

169.7 

206 

208 ; 

184.8 

92.8 

95.9 

94 . 4 

S8.3 

141.0 

137.3 

124.7 

171.4 

208 

210 ! 

186.0 

; 93.7 

96.9 

95 . 4 

89.2 

142.3 

138.6 

126,0 

173.0 

210 

212 ! 

188. 3 

94.6 

97.8 

96 . 3 

90.2 

143.7 

140.0 

127.2 

174.7 

212 

214 1 

190,1 

95.6 

98,8 

97,3 

i 91.2 

145.1 

141 .4 

128.4 

176.4 

214 

216 1 

191.9 

96.5 

99 , 8 

1 98.3 

1 92.2 

140.5 

142.7 

129.6 

178.0 

216 

218 1 

193.0 

97.5 

lOO.S 

! 99.3 

93,2 

147.9 

ll44.1 

130.9 

179.7 

218 

220 

195.4 

98.4 

101.7 

iiOO.3 

94 . 2 

149.3 

145.4 

132.1 

181,4 

220 

222 

197.2 

99.4 

102.7 

lOl .2 

95 . 1 

150.7 

|]46.8 

133.3 

183,0 

222 

224 

199.0 i 

J00.3 , 

103.7 

102.2 

96 . 1 

1 52 . 0 

(148.1 

134.5 

184.7 

224 

226 

200.7 , 

101.3 : 

104,6 

103,2 

97.1 

153.4 

!i49.5 

135.8 

186.4 

226 

228 

202.5 

1 

1U2.2 1 

105.6 

104.2 

98.1 

154.8 

150.8 

137.0 

188.0 

228 

230 

204.3 

103.2 ' 

i 1 06 . 6 

105.2 

99 . 1 

156.2 

1 52 . 2 

138.2 

189.7 

230 

232 

,206 . 1 

104.1 ! 

,107.6 

106.2 

100. 1 

157,6 

i 53 6 

139.4 

191 .3 

232 

234 

207.9 

105.1 

1108.6 

107.2 ' 

101.1 

159.0 

154.9 

140.7 

193.0 

234 

236 

209.6 

106.0 

,109.5 

108.2 ' 

102,1 

160.3 

156.3 

141.9 

194.7 

236 

238 

211,4 

107.0 

110.5 

109,2 

1103.1 

161 .7 

157.6 

143.2 

196.3 

238 

240 

213.2 

,108.0 

111.5 

110.1 

1104.0 

163.1 

159.0 

144.4 

198.0 

240 

242 

215.0 

il08.9 

112.5 

lll.l 

1105.0 

164.5 

160.3 

145.6 

199.7 

242 

244 

216.7 

1109.9 

113.5 

112.1 

1 106.0 

165.9 

101.7 ' 

146.9 

201 .3 

244 

246 

218.5 

illO.8 

114.5 

113.1 

107.0 

167.3 

163,1 ' 

148.1 

203.0 

246 

248 

220.3 

,m.8 

115.4 

114.1 

,108.0 

168.7 

164,4 ' 

149. 3 

204.7 

248 
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XLII 


Munson and Walker’s table. — Continued. 9 

(Expressed in milliRrama.) 


1 

g 

o 

m 

g 

8 

1 

1 

1 

1 

K 

< 

1 

INTERT SUGAR AND 
SUCROSE 

LACTOSE 

LACTOSE AND 
SOCHOSE 

MALTOSK 

CUPROUS OXIDB (CujO) 

OA gram total 
sugar 

2 grams total 

0 

pq 

1 
d 

n 

X 

O 

l§ 

1 lactose, 12 su- 

O 

t 

d 

4 

6 

250 

222.1 

112.8 

116.4 

115.1 

109.0 

170.1 

165.8 

150.6 

206.3 

250 

252 

223.8 

113.7 

117.4 

116.1 

110.0 

171.5 

167.2 

151.8 

208.0 

252 

254 

225.6 

114.7 

118.4 

117.1 

111.0 

172.8 

168.5 

153.1 

209.7 

254 

256 

227,4 

115.7 

119.4 

118.1 

112.0 

174.2 

169.9 

154.3 

211.3 

256 

258 

229,2 

116.6 

120.4 

119.1 

113.0 

175.6 

171.3 

155.5 

213.0 

258 

260 

231.0 

117.6 

121.4 

120.1 

114.0 

177.0 

172.6 

156.8 

214.7 

260 

262 

232.7 

118.6 

122.4 

121.1 

115.0 

178.4 

174.0 

158.0 

216.3 

262 

264 

234.5 

119.5 

123.4 

122.1 

116,0 

179.8 

175.3 

159.3 

218.0 

264 

266 

236 . 3 

120.5 

124.4 

123.1 

117.0 

181.2 

176.7 

160.5 

219.7 

266 

268 

238,1 

121.5 

125.4 

124.1 

118.0 

182.6 

178.1 

161.8 

221.3 

268 

270 

239.8 

122.5 

126.4 

125,1 

119.0 

184.0 

179.4 

163.0 

223.0 

270 

272 

241.6 

123.4 

127.4 

126,2 

120.0 

185.3 

180.8 

164.3 

224.6 

272 

274 

243.4 

124.4 

128.4 

127.2 

121.1 

186.7 

182.2 

165.5 

226.3 

274 

270 

245.2 

125.4 

129.4 

128.2 

122.1 

188.1 

183.5 

166.8 

228.0 

276 

278 

246.9 

126.4 

130.4 

129.2 

123.1 

189.5 

184.9 

168.0 

229.6 

278 

280 

248.7 

127.3 

131.4 

130.2 

124.1 

190.9 

186.3 

169.3 

231.3 

280 

282 

250.5 

128.3 

132.4 

131 .2 

125.1 

192,3 

187.6 

170.5 

233.0 

282 

284 

252.3 

129,3 

133.4 

132.2 

126.1 

193.7 

189.0 

171.8 

234.6 

284 

286 

254.0 

130,3 

134.4 

133.2 

127.1 

195.1 

190.4 

173.0 

236.3 

286 

288 

255 . 8 

131 ,3 

135.4 

134.3 

128.1 

196.5 

191.7 

174.3 

238.0 

288 

290 

257.6 

132,3 

136.4 

135.3 

129.2 

197.8 

193.1 

175,5 

239.6 

290 

292 

259.4 

133.2 

137.4 

136.3 

130.2 

199.2 

194.4 

176.8 

241.3 

292 

294 

261,2 

134.2 

138.4 

137.3 

131.2 

200.6 

195.8 

178.1 

242.9 

294 

296 

262.9 

135,2 

139.4 

138.3 

132.2 

202.0 

197.2 

179.3 

244.6 

296 

298 

264.7 

136.2 

140.5 

139.4 

133.2 

203.4 

198.6 

180.6 

246.3 

298 

300 

266.5 

137.2 

141.5 

140.4 

134.2 

204.8 

199.9 

181.8 

247.9 

300 

302 

268.3 

138.2 

142.5 

141.4 

135.3 

206.2 

201.3 

183.1 

249.6 

302 

304 

270.0 

139.2 

143.5 

142.4 

136.3 

207.6 

202.7 

184.4 

251.3 

304 

306 

271.8 

140.2 

144.5 

143.4 

137.3 

209.0 

204.0 

185.6 

252.9 

306 

308 

273.6 

141.2 

145.5 

144.5 

138.3 

210,4 

205.4 

186.9 

254.6 

308 

310 

275.4 

142.2 

146.6 

145.5 

139.4 

211.8 

206.8 

188.1 

256.3 

310 

312 

277 . 1 

143.2 

147.6 

146.5 

140.4 

213.2 

208.1 

189.4 

257.9 

312 

314 

278.9 

144.2 

148.6 

147.6 

141.4 

214.6 

209.5 

190.7 

259.6 

314 

316 

280.7 

145.2 

149.6 

148.6 

142.4 

216.0 

210.9 

191.9 

261.2 

316 

318 

282.5 

146,2 

150.7 

149.6 

143.5 

217.3 

212,2 

193.2 

262.9 

318 

320 

284.2 

147.2 

151.7 

150.7 

144.5 

218.7 

213.6 

194.4 

264.6 

320 

322 

286.0 

148.2 

152,7 

151.7 

145.5 

220 . 1 

215.6 

195.7 

266.2 

322 

324 

287.8 

149.2 

153.7 

152.7 

146.6 

221.5 

216.4 

197.0 

267.9 

324 

326 

289.6 

150.2 

154.8 

153.8 

147.6 

222.9 

217.7 

198.2 

269.6 

326 

328 

291.4 

151.2 

155.8 

154.8 

148.6 

224.3 

219,1 

199.5 

271.2 

328 


629 



XLII 


METHODS OP ANALYSIS 


9 Munson a,nd Walker^s table. — Continued. 

(Expressed in milligrams.) 


q 

0 

1 

1 

COPPXB (Cu) 

0 

1 

1 

< 

1 

INVERT snOAR ANn 
60 r ROSE 

LACTOSS 

lactobb and 
SUCROSE 

MALTOSE ' 

1 f 

0 

1 

i 0 

1 

j s 

3 

a u 
n ^ 

2 grams total 
sugar 

0 

+ 

d 

1 

0 

|i 

ii 

0 

iq 

+ 

d 

330 

293.1 

152.2 

156.8 

155.8 

149.7 

225.7 

220.5 

200.8 

272.9 

1 330 

332 

294.9 

153.2 

157.9 

156.9 

150.7 1 

227.1 

221.8 i 

202.0 

274.6 

332 

334 

296.7 

154.2 

158.9 

157.9 

151.7 

228.5 

223,2 

203,3 

276.2 

334 

336 

298.5 

155.2 

159.9 

159.0 ' 

152.8 1 

229.9 

224.6 1 

204.6 

277.9 

336 

338 

300.2 

156.3 

161.0 

160.0 

153.8 ; 

231.3 

226.0 ' 

205.9 

279.5 

338 

340 

302.0 

157.3 

162.0 

161.0 

154.8 

232.7 1 

227.4 

207.1 

281.2 

340 

342 

303.8 

158.3 

163.1 

162.1 

155.9 ! 

234.1 

228.7 

I2O8.4 

i282.9 

342 

344 

305.6 

159.3 

164.1 

163.1 

156.9 1 

235.5 1 

230.1 

,209.7 

284.5 

344 

346 

307,3 

160.3 

165.1 

164.2 

158.0 

236.9 

231.5 

1211.0 

|286.2 

346 

348 

309.1 

161.4 

166.2 

165.2 

159.0 

238 . 3 

232.9 

I212.2 

1287.9 

348 

350 

310.9 

162,4 

167.2 

166.3 

160.1 

239.7 

234.3 

213.5 

,289.5 

350 

352 

312.7 

163.4 ! 

168.3 

167.3 

161.1 

241.1 

235.6 

214.8 

291.2 

352 

354 

314.4 

164.4 

169.3 

168.4 

162.2 

242.5 

237.0 

216.1 

j292.8 

354 

356 

316.2 

165.4 i 

170.4 

169.4 

163.2 

243.9 

238.4 

217.3 

294.5 

356 

358 

318.0 

166.5 

171.4 

170.5 

164.3 

245.3 

239.8 

|218.6 

296.2 

358 

360 ! 

319.8 

167.5 

172.5 

171.5 

jl65.3 

246 . 7 

241.2 

219.9 

297.8 

360 

362 

321.6 

168.5 

173.5 

172.6 

II66.4 

1 248.1 

242,5 

221.2 

i299.5 

362 

364 

323.3 1 

169.6 

174.6 1 

173.7 

167.4 

249.5 

243.9 

222.5 

301.2 

364 

366 

325.1 

170.6 

175.6 ' 

174.7 

|168.5 

250 . 9 

245.3 

223.7 

302.8 

366 

368 

326.9 

i 

171.6 

176.7 

175.8 

Il69.5 

1252.3 

246.7 

:225.0 

i304.5 

1 368 

370 

328.7 

172.7 

|177.7 

176.8 

170.6 

253.7 

248.1 

226.3 

306 . 1 

370 

372 

330.4 

173.7 

1178. 8 1 

177.9 

171.6 

255 . 1 

249.5 

227.0 

307.8 

372 

374 

332.2 

174.7 

179.8 ' 

179.0 

172.7 

256,5 

250.9 

228.9 

309.5 

374 

376 

334.0 

175.8 

I18O.9 

180.0 

1173. 7 

i257.9 

252.2 

1230.2 

:3ll. I 

376 

378 

335.8 

176.8 

182.0 

ISl.l 

174.8 

259.3 

253.6 

231.5 

312.8 

378 

380 

337.5 

177.9 

*183.0 

182.1 

175.9 

260.7 

255.0 

232,8 

314.5 

380 

382 

339.3 

il78.9 

184.1 

183.2 

176.9 

262 , 1 

256.4 

234.1 

316.1 

! 382 

384 

341.1 

1180.0 

1185. 2 

184.3 

178.0 

263.5 

257.8 

235.4 

317.8 

1 384 

386 

342.9 

181.0 

186.2 

485.4 

179,1 

204.9 

259,2 

236 . 6 

319.4 

386 

388 

344.6 

182.0 

187.3 

|186.4 

180.1 

,266.5 

260 . 5 

237.9 

[321.1 

1 388 

390 

346.4 

183.1 

188.4 

187.5 

181.2 

267.7 

'261,9 

239.2 

322.8 

390 

392 

348.2 

184.1 

189.4 

1188. 6 

182.3 

269.1 

i263.3 

240.5 

1324.4 

1 392 

394 

350.0 

185.2 

190.5 

189.7 

183,3 

270.5 

264 . 7 

241.8 

326.1 

394 

396 

351.8 

180.2 

191.6 

190.7 

184.4 

271.9 

i 266.1 

243.1 

[327.7 

1 396 

398 

353.5 

187.3 

192.7 

191.8 

185.5 

273.3 

267.5 

244.4 

329.4 

398 

400 

355.3 

188.4 

193.7 

192.9 

186.5 

274.7 

268.9 

245 . 7 

331.1 

400 

402 

357.1 

189.4 

194.8 

194.0 

187.6 

276 . 1 

270.3 

247.0 

332.7 

, 402 

404 

358.9 

190.5 

195.9 

195.0 

188.7 

277.5 

1271.7 

248.3 

i334.4 

1 404 

406 

360.6 

191.5 

197.0 

196.1 

189.8 

278.9 

273.0 

249.6 

336.0 

, 406 

408 

362.4 

192.6 

198,1 

197.2 

190.8 

280.3 

274.4 

251.0 

337.7 

408 
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BEFERENCE TABLES 


XLTI 


Munson and Walker’s table. — Concluded. 0 

{Expressed ia milligrams.) 


q 

H 

§ 

0 

p 

1 

COPPER (Cu) 

1 

1 

i 

i 

1 

invert SUaAR AND 
8TJCROBE 

LACTOSE 

I.ACTObiS AND 
SDCBOSE 

MALTObP, 

S 

0 

g 

0 

s 

1 

1 

l| 

It 

0 

+ 

1 

a 

d 

li 

k 

li 

0 

t 

<5 

0 

410 

364.2 

193.7 

199.1 

198.3 

191.9 

281.7 

275.8 

252.3 

339.4 

410 

412 

366.0 

194.7 

200.2 

199.4 

193.0 

283.2 

277.2 

253.6 

341.0 

412 

414 

367.7 

195.8 

201.3 

200.5 

194.1 

284.6 

278.6 

254.9 

342.7 

414 

416 

369.5 

196.8 

202.4 

201.6 

195.2 

286.0 

280.0 

256.2 

344.4 

416 

418 

371.3 

197.9 

203.5 

202,6 

196.2 

287.4 

281 . 4 

257.5 

346.0 

418 

420 

373.1 

199.0 

204,6 

203.7 

197.3 

288.8 

282.8 

258.8 

347.7 

420 

422 

374.8 

200.1 

205.7 

204,8 

198.4 

290.2 

284.2 

260.1 

349.3 

422 

424 

376.6 

201.1 

206.7 

205.9 

199.5 

291.6 

285,6 

261.4 

351.0 

424 

426 

378.4 

202.2 

207.8 

207.0 

200.6 

293.0 

287.0 

262.7 

352.7 

426 

428 

380.2 

203.3 

208.9 

208.1 

201 .7 

294.4 

288.4 

264.0 

354.3 

428 

430 

382.0 

204.4 

210.0 

209.2 

202.7 

295.8 

289.8 

265.4 

356.0 

430 

432 

383.7 

205.5 

211.1 

210.3 

203.8 

297.2 

291.2 

266.6 

357.6 

432 

434 

385.5 

206.5 

212.2 

211.4 

204.9 

298.6 

292.6 

268.0 

359.3 

434 

436 

387.3 

207.6 

213.3 

212.5 

200.0 

300.0 

294.0 

269.3 

301.0 

436 

438 

389.1 

208.7 

214.4 

213.6 

207.1 

301.4 

295.4 

270.6 

362.6 

438 

440 

390.8 

209.8 

215.5 

214.7 

208.2 

302.8 

296.8 

272.0 

364.3 

440 

442 

392.6 

210.9 

216.6 

215.8 

209.3 

304.2 

298.2 

273.3 

365.9 

442 

444 

394.4 

212.0 ; 

217.8 

216.9 

210.4 

'305.6 

299.6 

274.6 

367.6 

444 

446 

396.2 

213.1 

218.9 

218.0 

211.5 

307.0 

301.0 

275.9 

369.3 

; 446 

448 

397.9 

214.1 

220.0 

219.1 

212.6 

;308.4 

302.4 

277.2 

370.9 

1 448 

450 

399.7 

215.2 1 

221.1 

220.2 

213.7 

'309.9 

303.8 

278.6 

372.6 

450 

452 

401 .5 

216.3 ' 

222,2 

221.4 

|214.8 

i311.3 

305.2 

279.9 

374.2 

452 

454 

403.3 

217.4 

223.3 

222.5 

215.9 

312.7 

306.6 

281.2 

375.9 

! 454 

456 

405.1 

218.5 

224.4 

223.6 

1217.0 

314.1 

308.0 

282.5 

377.6 

' 456 

458 

400.8 

219.0 

225.5 

224.7 

:218.1 

j 

315.5 

309.4 

283.9 

379.2 

458 

460 

408.6 

220.7 

226.7 

225.8 

:219.2 

316.9 

1310.8 

285.2 

380.9 

460 

462 

410.4 

221.8 

227.8 

226.9 

220.3 

318.3 

312.2 

286.5 

382,5 

462 

464 

412.2 

222.9 

228.9 

228.1 

1221.4 

319.7 

1313.6 

287.8 

384.2 

464 

466 

413.9 

224.0 

230.0 

229 . 2 

222.5 

321.1 

'315.0 

289.2 

385.9 

466 

468 

415.7 

225.1 

231.2 

230.3 

223.7 

322.5 

316.4 

290.5 

387.5 

468 

470 

417.5 

226.2 

232.3 

231.4 

224.8 

323.9 

'317.7 

291.8 

389.2 

470 

472 

419.3 

227.4 

233.4 

232.5 

225.9 

325.3 

319.1 

293.2 

390.8 

472 

474 

421,0 

1228.3 

234.5 

233.7 

227,0 

326.8 

320.5 

294.5 

392.5 

474 

476 

'422.8 

i229.6 

235.7 

234.8 

228.1 

328.2 

321.9 

295.8 

394.2 

476 

478 

1424.0 

230.7 

236.8 

235.9 

229.2 

329.6 

323.3 

297.1 

395.8 

478 

480 

426.4 

231.8 

237.9 

237.1 

230.3 

331.0 

324.7 

298.5 

397.5 

480 

482 

428 . 1 

232 9 

239.1 

238.2 

231.5 

332.4 

326.1 

299.8 

399.1 

482 

484 

429.9 

234.1 

240.2 

239.3 

232.6 

333.8 

327.5 

301,1 

400.8 

484 

486 

431.7 

235.2 

241.4 

240.5 

233.7 

335.2 

328.9 

302.5 

402.4 

486 

488 

433.5 

236.3 

242.5 

|241.6 

234.8 

336.6 

330.3 

303.8 

404.1 

488 

490 

435.3 

237.4 

243,0 

1242.7 

236.0 

338.0 

331.7 

305.1 

405.8 

490 
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XLII 


METHODS OF ANALYSIS 


10 Herzf eld's table for determining invert sugar in rani sugars {invert sugar not to 
exceed IS per cent).^ 


COPPEH 

(Cu) 

INVERT 

STTQAR 

COPPER 

(Cu) 

INVERT 

SUGAR 

COPPBK 

(Cu) 

INVERT 

SUGAR 

COPPER 

(Cu) 

INVERT 

SUGAR 

COPPHR 

(Cu) 

INVERT 

SUGAR 

m{/. 

per cent 


per cent 

mff. 

per cent 


per cent 

mg. 

per cent 

50 

0.050 

110 

0.351 

170 

0.680 

230 

1.013 

290 

1.357 

52 

.058 

112 

.361 

172 

.692 

232 

.024 

292 

.368 

54 

.066 

114 

.371 

174 

.704 

234 

.036 

294 

.380 

56 

.074 

116 

.381 

176 

.715 

236 

.047 

296 

.391 

58 

.082 

118 

.392 

178 

.726 

238 

.058 

298 

.403 

60 

.090 

120 

.402 

180 

.737 

240 

.070 

300 

.414 

62 

.098 

122 

.412 

182 

.748 

242 

.081 

302 

.425 

64 

.108 

124 

.423 

184 

.759 

244 

.093 

304 

.437 

66 

.118 

126 

.433 

186 

.770 

246 

.104 

306 

.448 

68 

.128 

128 

.443 

188 

.781 

248 

.116 

308 

.460 

70 

.138 

130 

.453 

190 

.792 

250 

.127 

310 

.471 

72 

.148 

132 

.463 

192 

.803 

252 

.139 

312 

.483 

74 

.157 

134 

.473 

194 

.814 

254 

.150 

314 

.494 

76 

.167 

136 

.483 

196 

.825 

256 

.162 



78 

.177 

138 

.493 

198 

.836 

258 

! .173 



80 

.187 

140 

.503 

200 

.847 

260 

.185 



82 

.197 

142 

.515 

202 

.858 

262 

.196 



84 

.208 i 

144 

.527 

204 

.869 

264 

.207 



86 

.219 1 

146 

.538 

206 

.880 

266 

,219 



88 

.231 j 

148 

.550 

208 

.891 

268 

.231 



90 

.242 

150 

.562 

210 

.902 

270 

.242 



92 

.254 

152 i 

.574 

212 

.913 

272 

.253 



94 

.265 

154 : 

. 586 

214 

.924 

274 

.265 



96 

.277 

156 ; 

.598 

216 

.935 

276 

.276 



98 

.288 

158 

.609 

218 

.946 

278 

.288 



100 

.300 

160 

.621 

220 

.957 

280 

.299 



102 ' 

.310 

162 

.633 

222 

.968 

282 

.311 



104 

.320 

164 

.645 

224 

.979 

284 

.322 



106 

.330 

166 

.657 

226 

.990 i 

286 

.334 



108 

.340 

168 

.()69 

228 

l.OOl ' 

288 

.345 




• Z. Ver. fCueben-ztirAer-fnfJ., 35 (N.L", 'J2j; 1012 
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Meissl and Hiller's factors for determining invert sugar in materials in which, of 1 1 
the total sugars present, more than 1.6 per cent is invert sugar, and less 
than 98.6 per cent is sucrose.^ 


RATIO OF SDCBOSK 

TO INVERT 
StFGAR = r:i 


APPBOAIMATE AiJaOLUTE WEIQUT OF INVERT fiOGAH (Z) 


200 mg 

175 mg 

150 mg 

125 mg 

100 mg 1 

75 mg 

50 mg 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

0:100 

56.4 

55.4 

54.5 

53.8 

53.2 

53.0 

53.0 

10:90 

56.3 

55.3 

54.4 

53.8 

53.2 

52.9 

52.9 

20:80 

56.2 

55.2 

54.3 

53.7 

53.2 

52.7 

52.7 

30:70 

56.1 

55.1 

54.2 

53.7 

53.2 

52.6 

52.6 

40:60 

: 55.9 

55.0 

54.1 

53.6 ; 

1 53.1 

52.5 

52.4 

60:50 

55.7 

54.9 

54.0 

53.5 

53.1 

52.3 

52.2 

60:40 

55.6 

54.7 

53.8 

53.2 

52.8 

52.1 

51 .9 

70:30 

55.5 

54.5 , 

53.5 

52.9 

52.5 

, 51.9 ^ 

51.6 

80:20 

55,4 

54.3 

53.3 

52.7 

52.2 i 

1 51.7 

51.3 

90:10 

54.6 

53.6 

53.1 

1 

52.6 

52.1 

51.6 

51 .2 

91:9 

54.1 

53.6 

52.6 

52.1 

51.6 

51.2 

50.7 

92:8 

53.6 

63.1 

52.1 

51.6 

51 .2 

50.7 

50.3 

93:7 

53.6 

53.1 

52.1 

51.2 

50.7 

50.3 

49,8 

94:6 

53 . 1 

52.6 

51 .6 

50.7 

50.3 

49.8 

48.9 

95:5 

52,6 

52.1 

51.2 

, 50.3 

49.4 

48.9 

48.5 

96:4 

52.1 

51.2 

50.7 

49.8 

48.9 

47.7 

46.9 

97:3 

50.7 

50.3 

49.8 

48,9 

47.7 

46.2 

45.1 

98:2 

49.9 

48.9 

48.5 

47.3 

! 45.8 

43.3 

40.0 

99:1 

47.7 

47.3 

46.5 

45.1 

j. 43.3 

41.2 

38.1 


1 Z. Ver. Riithenzucker-Ind., J9 (X.F. 26), 734, (1889). 
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XLII 


I4ETH0DS or ANALYSIS 


12 Wein^s table for the determination of maltose,'- 

(Expressed in mUligrams.) 


COPPEB 

cnpBons 

OXIDE 

kULTOaS 

eOPPKB 

CTJPH008 

OXIDE 

UALTOSE 

COPPEH 

cuPBom 

OXIDE 

1 MALTOSE 

32 

36.0 

27.0 

122 

137,4 

106.2 

212 

238.7 

i 186.8 

34 

38.3 

28.7 

124 

139.6 

108.0 

214 

240.9 

1 188.6 

36 

40.5 

30.5 

126 

141.9 1 

109.8 

216 

243.2 

190.4 

38 

42.8 

32.2 

128 

144.1 

111.6 

218 

245.4 

i 192.1 

40 

45.0 

33.9 

130 : 

146.4 

113.4 

220 

247.7 

193.9 

42 

47.3 

35.7 

132 ! 

148.6 

115.2 

222 

249.9 

195.7 

44 

49.5 

37.4 

134 

150.9 1 

117.0 

224 

252.4 

197.5 

46 

51.8 

39.1 

136 

153.1 ' 

118.8 

226 

254.4 

1 199.3 

48 

54.0 ’ 

40.9 

138 ^ 

155.4 

120.6 

228 

: 256.7 

201.1 

50 

56.3 

42.6 

140 

157.6 

122.4 

230 

1 258.9 

202.9 

52 

58.5 

44.4 

142 

159.9 

124.2 

232 

, 261.2 

204.7 

54 

60.8 

46.1 

144 

162.1 

126.0 

234 

263.4 

206.5 

56 

63.0 

47.8 

146 

164.4 

127.8 

236 

j 265.7 

208.3 

58 

65.3 

49.6 

148 

166.6 

129.6 

238 

1 268.0 

210.0 

GO 

67.6 

51.3 

150 

^ 168.9 

131.4 

240 

270.2 

211.8 

G 2 

; 69.8 

53.1 

152 

171.1 

133.2 

242 

272.5 

213.6 

64 

1 72.1 

54.8 

154 

1 178.4 

135.0 

244 

274.7 

215.4 

66 

74.3 

56.6 

156 

175.6 

136.8 

246 

277,0 

217,2 

68 

76.6 

58.3 

158 

, 177.9 

138.6 

248 

279.2 

219.0 

70 

i 78.8 

i 60.1 

160 

1 180.1 

140.4 

250 

281.5 

220.8 

72 

81.1 

61.8 

162 

182.4 

142.2 

252 

■ 283.7 

222.6 

74 

83.3 

, 63.6 

164 

184.6 

144.0 

254 

286.0 

224.4 

76 

1 85.6 

1 65.4 

166 

1 186.9 

1 145.8 

256 

288.2 

226.2 

78 

87,8 

67.1 

168 

189.1 

147.8 

258 

290.5 

228.0 

80 

90.1 

68.9 

170 

191.4 

149,4 

260 

292.7 

229.8 

82 

92.3 

70,6 

172 

193.6 

151.2 

262 

295.0 

231 .6 

84 

, 94.6 

i 72.4 

174 

195.9 

! 152.9 

264 

297.2 

233.4 

86 

96.8 

74.1 

176 

198.1 

154,7 

266 

299.5 

235.2 

88 

99.1 

! 75.9 

178 

200.4 

j 156.5 

268 

301.7 

237.0 

90 

101.3 

77.7 

180 

202.6 

158.3 

270 

304.0 

238.8 

92 

103.6 

79.5 

182 

204.9 

i 160.1 

272 

. 306.2 

1 240,6 

94 

105.8 

81.2 

184 

207.1 

, 161.8 

274 

, 308.5 

1 242.4 

96 

108.1 

83.0 

186 

209.4 

1 163.6 

276 

1 310.7 

1 244.2 

98 

110.3 

84.8 

188 

211.7 

165.4 

278 

313.0 

246,0 

100 

112.6 

86.6 

190 

213.9 

; 167.2 

280 

, 315.2 

1 247.8 

102 

114.8 

' 88.4 

192 

210.2 

i 169.0 

282 

i 317.5 

1 249.6 

104 

117.1 

90.1 

194 

218.4 

170.7 

284 

319.7 

251.3 

106 

119,3 

91 .9 

196 

220.7 

172.5 

286 

322.0 

253.1 

108 

121.6 

, 93.7 

198 

1 222.9 

174.3 

288 

324.2 

254.9 

no 

123.8 

95.5 

200 

225.2 

176.1 

290 ' 

326.5 j 

256.6 

112 

126.1 

97.3 

202 

. 227,4 

177.9 

292 ' 

328.7 ! 

258.4 

114 

128.3 

, 99.0 

204 

! 229.7 

179.6 

294 

331.0 

260.2 

116 

130.6 

100.8 

206 

231 .9 

181.4 

29 f ) 

333.2 

262.0 

118 

132.8 

102.6 

208 

234.2 

183,2 

298 

335.5 

263.7 

120 

135,1 

^ 104.4 

210 

: 236.4 

185.0 

300 

337.8 

265.5 


' Tables for the Quantitative Estimation of the bugars. Translated by Frew, 1898, p. 28, 
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XLTI 


Copper-levulose equivalents according to Jackson and Mathews* modification of 13 
Nyns* selective method for levulose. 

(Expressed in milligrams. A linear interpolation yields accurate results.) 


Cu 

LEVCLOSE 

Cu 

LETrmOBE 

5 

2.5 

130 

39.3 

10 

4.5 

140 

42.0 

15 

6.2 

150 

44.7 

20 

7.9 

160 

47.4 

25 

9.5 

170 

50.0 

30 

11.0 

180 

52.6 

35 

12.5 

190 

55.2 

40 

13.9 

200 

57.9 

45 

15.4 

210 

60.6 

50 

16.8 

220 

63.4 

55 

18.3 

230 

66.4 

60 

19.7 

240 

69.4 

65 

21.2 

250 

72.5 

70 

22.5 

260 

75.7 

80 

25.4 

270 

79.0 

90 

28.1 

280 

82.4 

100 

30.9 

290 

85.9 

110 

33.7 

300 

89.5 

120 

36.5 

310 

93.2 
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XLII 


METHODS OF ANALYSIS 


14 Allihn^s table for the determination of dextrose} 

(Expressed in milligrams.) 


COPPER 

cnPRons 

OXIDE 

DEXTH05E 

COPPER 

CnPROBS 

OXIDE 

DEXTROSE 

COPPER 

cupROue 

OXIDE 

DEXTROSE 

12 

13.5 

7.1 

102 

114.8 

51.9 

192 

216.2 

98.4 

14 

15.8 

8.1' 

104 

117.1 

52,9 

194 

218.4 

99.4 

16 

18.0 

9.0 

106 

119.3 

54.0 

196 

220.7 

100.5 

18 

20.3 

10.0 

108 

121.6 

55.0 

198 

222.9 

101 .5 

20 

22.5 

11,0 

110 

123.8 

56.0 

200 

225.2 

102.6 

22 

24.8 

12.0 

112 

126.1 

57.0 

202 

227.4 

103.7 

24 

27.0 

13.0 

114 

128.3 

58.0 

204 

229.7 

104.7 

26 

29.3 

14.0 

116 

130.6 

59.1 

206 

231.9 

105.8 

28 

31.5 

15.0 

118 

132.8 

60.1 

208 

234.2 

106.8 

30 

33.8 

16.0 

120 

135.1 

61.1 

210 

236.4 

107.9 

32 

36.0 

17.0 

122 

137.4 

62.1 

212 

238.7 

109.0 

34 

38.3 

18.0 

124 

139.6 

63.1 

214 

240.9 

110.0 

36 

40.5 

18.9 

126 

141.9 

64.2 

216 

243.2 

111.1 

38 

42.8 

19.9 

128 

144.1 

65.2 

218 

245.4 

112.1 

40 

45.0 

20.9 

130 . 

146.4 

66.2 

220 

247.7 

113.2 

42 

47.3 

21.9 

132 

148.6 

67.2 

222 

249.9 

114.3 

44 

49.5 

22.9 

134 

150.9 

68.2 

224 

252.4 

115.3 

46 

51.8 

23.9 

, 136 

153.1 

69.3 

226 

254.4 

116.4 

48 

54.0 

24.9 

; 138 

155.4 

70.3 

228 

256.7 

117.4 

50 

56.3 

25.9 

140 

157.6 

71.3 ' 

230 

258.9 

118.5 

52 

58.5 

26.9 

142 

159.9 

72.3 ! 

232 

261.2 

119.0 

54 

60.8 

27.9 

144 

162.1 

73.4 I 

234 

263.4 

120.7 

56 

63.0 

1 28.8 

1 146 

164.4 

74.4 ; 

! 236 

265.7 

121.7 

58 

65.3 

29.8 

148 

166.6 

75.5 j 

: 238 

268.0 

122.8 

60 

67.6 

, 30.8 ! 

150 

168.9 

76,5 1 

! 240 

270.2 

123.9 

62 

69.8 

31.8 1 

; 152 

171.1 

77.5 i 

j 242 

272 . 5 

125.0 

64 

72.1 

32.8 ! 

154 

173.4 ; 

78.6 ! 

244 

274.7 

126.0 

66 

74.3 

33.8 i 

; 156 

175.6 ! 

79.6 

i 246 

277.0 

127.1 

68 

76.6 

34.8 ■ 

^ 158 

177.9 

80.7 ^ 

: 248 

279.2 

128.1 

70 

78.8 

35.8 ; 

160 

180.1 i 

81.7 : 

i 250 

281,5 

1 129.2 

72 

81.1 

36.8 ^ 

■ 162 

182.4 i 

82.6 ^ 

1 252 

283.7 

: 130.3 

74 

83.3 

37.8 

^ 164 

184.6 i 

83.7 i 

254 

286.0 

131.4 

76 

85.6 

38.8 1 

166 

186.9 ! 

84.8 ; 

256 

288.2 

1 132.4 

78 

87.8 

39.8 

168 

189.1 i 

85.9 1 

i 258 

290.5 

133.5 

80 

90.1 

40.8 : 

170 

191.4 

86.9 ; 

1 260 

292.7 

134.6 

82 

92.3 

41.8 * 

: 172 i 

193.6 

87.9 

i 262 

295.0 i 

135.7 

84 

94.6 

42.8 ' 

: 174 1 

195.9 

89.0 i 

: 204 

297,2 ! 

136.8 

86 I 

96.8 

43.9 

176 1 

198.1 

90.0 I 

i 266 

299.5 ’ 

137.8 

88 1 

99,1 

44.9 

178 I 

200.4 

91,1 : 

^ 268 

301.7 

138.9 

90 

101.3 

45.9 ; 

i 180 : 

202 . 6 

92.1 

: 270 ^ 

f 

304.0 

140,0 

92 

103.6 

46.9 

182 ; 

204.9 

93,1 

272 

306.2 

141.1 

94 

105.8 

47,9 i 

184 

207.1 

94.2 ; 

274 

308.5 

142.2 

96 

108.1 

48.9 

186 1 

209.4 

95.2 

^ 276 

310.7 

143.3 

98 

110.3 

49.9 1 

188 1 

211.7 

90.3 

i 278 

313.0 

144.4 

100 

112.6 

50.9 r 

1 190 

213.9 

97.3 

1 280 

315.2 

1 145.5 


I Z. Fer. Ru^tbemuck^-Ind., 32 (N’.F. 19), 606, 865 (1882). 
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REFERENCE TABLES 


XLII 


J llihn*s table. — Concluded. 14 

(Expressed in milligrams.) 


coppsn 

coPBOtrs 

nxiDE 

DEXTROSE 

TOPPER 

ctrpnoijs 

OXIDE 

DEXTROSE 

COPPER 

CDPBOU8 

OXrDE 

DEXTROSE 

282 

317,5 

146.6 

342 

385.0 

179.8 

402 

452.6 

214.1 

284 

319.7 

147.7 

344 

387.3 

180.9 1 

404 

454.8 

215.2 

286 

322.0 

148.8 

346 

389.6 

182.1 ! 

406 

457.1 

216.4 

288 

324.2 

149.9 

348 

391.8 

183.2 

408 

459.4 

217.5 

290 

326.5 

151.0 

360 

394.0 

184.3 

410 

461.6 

218.7 

292 

328.7 

152.1 

352 

396.3 

185.4 

412 

463.8 

219.9 

294 

331.0 

153.2 

354 

398.6 

186.6 

414 

466.1 

221.0 

296 

333.3 

154.3 

356 

400.8 

187.7 

416 

468,4 

222.2 

298 

335.5 

155.4 

358 

403.1 

188.9 

418 

470,6 

223.3 

300 

337.8 

156.5 

360 

405.3 

190.0 

420 

472,9 

224.5 

302 

340.0 

157.6 

1 

362 

407.6 

191.1 

422 

475.6 

225.7 

304 

342.3 

158.7 

364 

409.8 

192.3 

424 

477.4 

226.9 

306 

344.5 

159.8 

366 

412.1 

193.4 

426 

479.6 

228.0 

308 

346.8 

160.9 

368 

414.3 

194.6 

428 

481.9 

229.2 

310 

349.0 

162.0 

370 

416.6 

195.7 

430 

484.1 

230.4 

312 

351.3 

1C3.1 

372 

418.8 

196,8 

432 

486.4 

231.6 

314 

353.5 

164.2 

374 

421,1 

198.0 

434 

488.6 

232.8 

31G 

355.8 

165.3 

376 

423.3 

199.1 

436 

490.9 

233-9 

318 

358.0 

166.4 

378 

425.6 

200.3 

438 

493.1 

235.1 

320 

360,3 

167.5 

i 380 

427.8 

201.4 

440 

495.4 

236-3 

322 

362.5 

168.6 

382 

430.1 

202.5 

i 442 

497.6 

237.5 

324 

364.8 

169.7 

384 

432.3 

203.7 

1 444 

499,9 

238.7 

326 

367.0 

170.9 

386 

434.6 

204.8 

i 446 

502.1 

239.8 

328 

369.3 

172.0 

1 388 

436.8 

206.0 

448 

504.4 

241.0 

330 

371.5 

173.1 

i 390 

439.1 

207.1 

1 450 

506.6 

242-2 

332 

373.8 

174.2 

1 392 

441.3 

208.3 

452 

50S.9 

243.4 

334 

376.0 

175.3 

; 394 

443.6 

209.4 

454 

511.1 

244.6 

336 

378.3 

176.5 

1 396 

445.9 

210.6 

456 

513.4 

245.7 

338 

380.5 

177.6 

■ 398 

448.1 

211.7 

458 

515.6 

246.9 

340 

382.8 

178.7 

i 400 

450.3 

212.9 

460 

517.9 

248.1 







462 

520.1 

249.3 
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XLII METHODS OF ANALYSIS 

15 Factors Jot 10 cc Soxklet’s soliUion to he used in connection with the 
Lane-Eynon general volumetric method. 


g 

H 

P 

ai 

■< 

d 

H S 

i s 

isi 

PO 

“ ® s 

III 

Q fiU M 

1 1 

ill 

1 « 
hi 

Ss « 

ill 

I « 

sii 

jii 

1 

1 

11 

< 

h 

1 

i 

3 

g 

|c5 

io 

15 

50.5 

49.9 

47.6 

46.1 

43.4 

49.1 

52.2 

77.2 

81.3 

64.9 

68.3 

16 

50.6 

50.0 

47.6 

46.1 

43.4 

49.2 

52.3 

77.1 

81.2 

64.8 

68.2 

17 

50.7, 

50.1 

47.6 

46.1 

43.4 

49.3 

52.3 

77.0 

81.1 

64.8 

68.2 

18 

50.8 

50.1 

47.6 

46.1 

43,3 

49,3 

52.4 

77.0 

81.0 

64.7 

58.1 

19 

50.8 

50.2 

47.6 

46.1 

43,3 

49.4 

62.5 

76.9 

80.9 

64.7 

68.1 

20 

50.9 

50.2 

47.6 

46.1 

43.2 

49.5 

52.5 

76.8 

80.8 

64.6 

68.0 

21 

51.0 

50.2 

47.6 

46.1 

43.2 

49.5 

52.6 

76.7 

80.7 

64.6 

68.0 

22 

51.0 

50.3 

47.6 

46.1 

43.1 

49.6 

52.7 

76.6 

80.6 

64.6 

68.0 

23 

51.1 

50.3 

47.6 

46.1 

43.0 

49.7 

52.7 

76.5 

80.5 

64.5 

67.9 

24 

51,2 

50.3 

47.6 

46.1 

42.9 

49.8 

52.8 

76.4 

80.4 

64.5 

67.9 

25 

51.2 

50.4 

47.6 

46.0 

42.8 

49.8 

52.8 

76.4 

80.4 

64.5 

67.9 

26 

51.3 

50.4 

47.6 

46.0 

42.8 

49.9 

52.9 

76.3 

80.3 

64.5 

67.9 

27 

51.4 

50.4 

47.6 

46.0 

42.7 

49.9 

52.9 

76.2 

80.2 

64.4 

67.8 

28 

51.4 

50.5 

47.7 

46.0 

42.7 

50.0 

63.0 

76.1 

80.1 

64.4 

67.8 

29 

i 51.5 

50.5 

47.7 

46.0 

42.6 

50.0 i 

53,1 ' 

76.0 

80.0' 

64.41 

67.8 

30 

1 51.5 

1 60,5 

47.7 

46.0 

42.5 

50.1 

53,2 

76.0 

80.0 

64.4 

67.8 

31 

i 51.6 

i 50.6 

47.7 

45.9 

42.5 1 

50.2 

53.2 

75.9 1 

79.9 

64.4 

67.8 

32 

61.6 

50.6 

47.7 

45.9 

42.4 1 

50.2 

53.3 

75.9 1 

79.9 

64.4 

67.8 

33 

51.7 

60.6 

47.7 

45.9 

42.3 

50.3 

53,3 

75.8 ^ 

79.8 

64.4 

67.8 

34 

51.7 

50.6 

47.7 

45.8 ' 

42.2 ' 

50.3 

53.4 

75.8 

79.8 

64.4 

67.9 

35 

51.8 

60.7 ; 

47.7 

45.8 

42.2 

50.4 

53.4 

75.7 

79.7 

64.5 

67.9 

36 

51.8 

50.7 ' 

47.7 ! 

45.8 

42.1 

50.4 

53.5 

75.6 

79.6 

64.5 

67.9 

37 

51.9 

■ 50.7 ' 

47,7 ' 

45.7 

42.0 

50.5 

53.5 

75.6 

79.6 

64.5 

67.9 

38 

51.9 

50.7 

47.7 

45.7 

42.0 

50.5 

53.6 

75.5 

79.5 

64.5 

67.9 

39 1 

52.0 

50.8 

47.7 

45.7 

41.9 

50.6 

53.6 

75.5 

79.5 

64.5 

67.9 

40 

52.0 

50.8 

47.7 

45.6 

41.8 

50.6 

53.6 

75.4 

79.4 

64.5 

67.9 

41 ' 

52.1 ' 

50,8 

47.7 

45.6 

41,8 

50.7 

53.7 

75.4 

79.4 

64.6 

68.0 


52.1 1 

50.8 

47.7 

45.6 

41.7 

50.7 

53.7 

75.3 

79.3 

64.6 

68.0 

43 

52.2 

50.8 

47,7 

45.5 

41.6 

50.8 

53.8 

75.3 

79.3 

64.6 

68.0 

44 

52.2 

50.9 

47.7 

45.5 

41.5 

50.8 

53.8 

75.2 

79.2 

64.6 

68.0 

45 

52.3 

50.9 

47.7 

45.4 

41.4 

60.9 

53.9 

75.2 

79.2 

64.7 

68.1 

46 

52.3 

50.9 

47.7 

45.4 

41.4 

50.9 

53.9 

75.1 

79.1 

64.7 

68.1 

47 

52.4 

50.9 

47.7 

45.3 

41.3 

51.0 

53.9 

75.1 

79.1 

64.8 

68.2 

48 

52.4 

50.9 

47.7 

45.3 

41.2 

51.0 

54.0 

75.1 

79.1 

64.8 

68.2 

49 

52.5 

51.0 

47.7 

45.2 

41.1 

51.0 

54.0 

75.0 

79,0 

64.8 

68.2 

50 

52.5 

51.0 

47.7 

45.2 

41.0 

51.1 

54.0 

75.0 

79.0 

64.9 

68.3 
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REFERENCE TABLES XLII 


Factors for cc SoxhleVs soluiion to he used in connection with the 16 
Lane-Eynon general volumetric method. 


i ^ 

< 

si 

iE 

o " 

H PS ■ 

hi 

i«i 

i 

I 

o 

g 

9 

1 

5 

^ * 

N 

h 

3 % 

u 

n 

ANHYDROUS LACTOSE 

io 

ew 

15 

123.6 

122.6 

120.2 

127.4 

197.8 

208.2 

163.9 

172.5 

16 

123.6 

122.7 

120.2 

127.4 

197.4 

1 207.8 

163.5 

172.1 

17 

123.6 

122.7 

120.2 

127.5 

197.0 

1 207.4 

163.1 

171.7 

18 

123.7 

122.7 

120.2 

127.5 

196.7 

207.1 

162.8 

171.4 

19 

123.7 

122.8 

120.3 

127.6 

196.5 

206.8 

162.5 

Hhl 

20 

123.8 

122.8 

120.3 

127.6 

196.2 

206.5 

162.3 ; 

170.9 

21 

123.8 

122.8 

120.3 

127.7 

195.8 

206 . 1 

162.0 

170.6 

22 

123.9 

122.9 

120.4 

127.7 

i 195.5 

205.8 

161.8 

170.4 

23 

123.9 

122.9 

120.4 

127.8 

1 195.1 

205.4 

161.6 

170.2 

24 

124.0 

122.9 

120.5 

127.8 

194.8 

205.1 

161.5 

170.0 

25 

124.0 

123.0 

120.5 

127.9 

194.5 

204.8 

161.4 

169.9 

26 

124.1 

123.0 

120.6 

127.9 

194.2 

204.4 

161.2 

169.7 

27 

124.1 

123.0 

120.6 

128.0 

193.9 

204.1 

161.0 

169.5 

28 

124.2 

123.1 

120.7 

128.0 

193.6 

203.8 

. 160.8 

169.3 

29 

124.2 

123.1 

120.7 

128.1 

193.3 

203.5 

160.7 

169.2 

30 

124.3 

123.1 

120,8 

128.1 

193.0 : 

203.2 

160.6 

169.0 

31 

124.3 

123.2 

120,8 

128.1 

192.8 

202.9 

160.5 

168.9 

32 

124.4 

123.2 

120.8 i 

128.2 

192.5 ! 

202.6 

160.4 

168.8 

33 I 

124.4 

123.2 

120.9 

128.2 

192.2 i 

202.3 

160.2 

168.6 

34 ! 

124.5 

123.3 

120.9 ! 

128.3 

191.9 

202.0 

160.1 

168.5 

35 

124.5 

123.3 

121.0 ; 

128.3 

191.7 

201.8 

160.0 

168,4 

36 ; 

124.6 

123.3 

121.0 

128.4 

191 .4 

201.5 

159.8 

168.2 

37 

124.6 

123.4 

121.1 

128.4 

191.2 

201.2 

159.7 

168.1 

38 * 

124.7 

123.4 

121.2 

128.5 

191.0 

201.0 

159.6 

168.0 

39 

124.7 

123.4 

121.2 

128.5 

190.8 

200.8 

159.5 

167.9 

40 

124.8 

123.4 

121.2 

128.6 

190.5 

200.5 

159.4 

167-8 

41 

124.8 

123.5 

121.3 

128.6 

190.3 

200.3 

159.3 

167.7 

42 

124.9 

123.5 

121.4 ; 

128.6 

190.1 

200.1 

159.2 

167-6 

43 

124.9 

123.5 

121 ,4 i 

128.7 

189.8 

199.8 

159.2 

167.6 

44 

125.0 

123.6 

121,5 

128.7 

189.6 

199.6 

159.1 

167.5 

45 

125.0 

123.6 

121.5 , 

128.8 

189.4 

199.4 

159.0 

167.4 

46 

125.1 

123.6 

121,6 

128.8 

189.2 

199.2 

159.0 

167.4 

47 

125.1 1 

123.7 

121.6 

128.9 

189.0 

199.0 

158.9 

167.3 

48 , 

125.2 

123.7 

121.7 

128,9 

188.9 

198.9 

158.8 

167.2 

49 

125.2 

123.7 

121.7 

129.0 

188.8 

198.7 

158.8 

167.2 

50 

125.3 

123.8 

121.8 

129.0 

188.7 

198,0 

158.7 

167.1 
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XLII 


METHODS or ANALYSIS 


17 Quisumhing and Thomas table for calculating dextrose, levulose, invert 
sugar, lactose, and maltose. 

(Expressed in milUersins.) 


2 

o 

o 

5 

go 

0 3 

1 

g 

s ? 

P o 
> H 

9 

5 

g 

i 

1 LA.CT08B 

j liULrOBG 


• H , 0 ' 


• C,:H« 

Oji • n,o 

10 

11.1 

4.8 

5.3 

5.0 

7.7 

8.1 

9.4 

9.9 

20 

22.5 

9.5 

10.5 

10.1 

15.5 

16.3 

18.8 

19.8 

30 

33.8 

14.3 

15.8 

15.2 

23.2 

24.4 

28.2 

29.7 

40 ' 

45.0 

19.1 

21.2 

20.3 

30.9 

32.5 

37.6 

39.6 

50 

56.3 

24.0 

26.5 

25.4 

38.7 

40.7 

47,0 

49.5 

60 

67.6 

28.9 

31.9 

30,6 

46.4 

48.8 

56.4 

59.4 

70 

78.8 

33.7 

37.2 

35.7 

54.0 

56.9 

65.8 

69.3 

80 

90.1 

38.7 

42.6 

40.9 

61.7 

65.0 

75.2 

79.2 

90 

101.3 

43.6 

48.0 

46.1 

69.5 

73.2 

84. 6 

89.1 

100 

112.6 

48.6 

53.4 

51.3 

77.2 

81.3 

94.0 

99.0 

no 

123.8 

53.5 

58.8 

56.5 

85.0 

89.5 

103.4 

108.9 

120 

135.1 

58.5 

64.3 

61.8 

92.7 

97.0 

112.8 

118.8 

130 

146.4 

• 63.5 

70.7 

67.0 

100.4 

105.7 

122.2 

128.7 

140 

157.6 

68.6 

75.2 

72.3 

108.2 

113.9 

131.6 

138.6 

150 

168.9 

73.7 

80.7 

77.6 

116.0 

122.0 

141.0 

H 8.5 

160 

180.1 

78.8 

86.2 

82.9 

123,7 

130.1 

150.4 

158.4 

170 

191.4 

83.9 

91.7 

88.3 

131.4 

138.3 

159.8 

168.3 

180 

202.6 

89.1 

97.2 

93.7 

139.1 

14 G .4 

169.2 

178.2 

190 

213.9 

94.2 

102.8 

99.1 

U 6.9 

154,6 

178.8 

188.1 

200 

225.2 

99.4 

108.4 

104,4 

154,6 

162.7 

188.2 

198.0 

210 

236.4 ^ 

104.6 i 

: 114.0 

109.8 

162.3 

170.9 

197.6 

207.9 

220 

247.7 ! 

109.9 1 

119.6 

115.2 

170.0 

179.0 

207.0 

217.8 

230 1 

258.9 

115.1 

125.2 

120.6 

177.8 

I 187.2 

216.4 

1 227.7 

240 1 

270,2 : 

120.4 : 

130.8 

126.1 

185.5 

, 195.3 

225.8 

237.6 

250 I 

281.5 

125.7 1 

136.4 ! 

131.6 ! 

193.2 

203.4 

i 235.2 

247.5 

200 i 

292.7 ' 

131.0 ; 

142.1 I 

137.1 

201.0 

211.6 

244.6 

257.4 

270 i 

304.0 : 

136.4 ; 

147.8 i 

142.6 

208.8 

219.8 

1 254.0 

267.3 

280 j 

315.2 

141.7 j 

153.5 

i 148.2 

, 216.5 

227,9 

263.4 

277.2 

290 ! 

326.5 

147.1 j 

159.2 

153.7 

224.2 ! 

230.0 

272.8 

287.1 

300 ' 

337.8 

152.6 I 

165.0 ! 

159.3 

232,0 i 

244.2 

282.2 

297.0 

310 i 

349.0 

158.0 i 

170.7 

164.9 

239.7 i 

252.3 

291,6 

306.9 

320 I 

360.3 

163.5 1 

176.5 

170.5 

247.5 ' 

260.5 

301,0 

316.8 

330 I 

371.5 

168.9 

182.3 

176.1 

255.3 i 

268.7 

310.4 

326,7 

340 1 

382.8 

174.5 

188.1 

181.8 

263.0 

276.8 

319.8 

336.6 

350 f 

394.0 

180.0 

193.9 

187.4 

270.7 

285.0 

329.2 

346.5 

360 ! 

405.3 

185.5 

199.7 

193.1 

278.4 

293.1 

338.6 

356.4 

370 ! 

416.6 

191.1 

205.5 

198.8 

28 G .2 

301.3 

348.0 

366.3 

380 j 

427,8 , 

196.7 

211.4 

204.5 

293.9 

309.4 

357.4 

376.2 

390 

439.1 1 

202.3 

217.3 

210.2 

301.6 

317.5 

366.8 

386.1 

400 ( 

450.3 1 

208.0 

223.2 

216.0 

309.4 

325.7 

376.2 

396.0 

410 1 

461.6 1 

213.7 

229.1 

221 . 8 . 

317.1 

333.8 

385.6 

405.9 

420 1 

472.9 1 

219.4 

235.0 

227.6 

324.9 

342.0 

395.0 

415.8 

430 ! 

484.1 1 

225.1 

240.9 

233.4 

332 . 6 

350 . 1 

404.4 

425,7 

440 1 

495.4 ! 

230.8 

246.9 

239.2 

340.4 

358.3 

413.8 

435.6 

450 ; 

506.6 - 

236.6 

252.9 

245.0 

348.1 

360.4 

423.2 

445.5 

460 1 

517.9 

242.4 

258.9 

250.9 

355.9 

374,6 

432.6 

455.4 

470 1 

529.1 

248.1 

264.9 

256,8 

363,6 

382.7 

442.0 

465.3 

480 

540.4 

250.8 

270.9 

262.7 

371.3 

390.9 

451.4 

475.2 


640 



EBFERENCB TABLES 


XLII 


Kroher’s table for the determination of pentoses and pentosans. 18 

(Expressed ia Krams.) 


rCKFUlUIi 

PHLOROOI.UCIDB 

rirRrtjRAL 

ARABIffOSE , 

ARABAN 

XfLOSE 

XTLAN 

PENTOSE 

PENTOBAN 

0.030 

0.0182 

0.0391 

0.0344 

0.0324 

0.0285 

0.0358 

0.0315 

.032 

.0193 

.0413 

.0363 

.0342 

.0301 

.0378 

.0333 

,034 

.0203 

.0435 

.0383 

.0361 

.0317 

.0398 

.0350 

.036 

.0214 

.0457 

.0402 

.0379 

.0334 

.0418 

.0368 

.038 

.0224 

.0479 

.0422 

.0398 

.0350 

.0439 

.0386 

.040 

.0235 

.0501 

.0441 

.0416 

.0366 

.0459 

.0404 

.042 

,0245 

.0523 

.0460 

.0434 

.0382 

.0479 

.0422 

.044 

.0255 

.0545 

.0480 

.0452 

.0398 

.0499 

.0440 

.046 

.0266 

.0567 

.0499 

.0471 

.0414 

.0519 

.0457 

.048 

.0276 

,0589 

.0519 

.0489 

.0430 

.0539 

.0475 

.050 

.0286 

.0611 

.0538 

.0507 

.0446 

.0559 

.0492 

.052 

.0297 

.0633 

.0557 

.0525 

.0462 

.0579 

.0510 

.054 

.0307 

.0655 

.0576 

.0543 

.0478 

.0599 

.0528 

.056 

.0318 

.0677 

.0596 

.0562 

.0494 

.0620 

.0546 

.058 

.0328 

.0699 

.0615 

.0580 

.0510 

.0640 

.0564 

.060 

.0338 

.0721 

.0634 

.0598 

,0526 

.0660 

.0581 

.062 

.0349 

.0743 

.0653 

.0616 

.0542 

.0680 

.0599 

.064 

.0359 

.0765 

.0673 

.0635 

.0558 

.0700 

.0617 

.066 

.0370 

.0787 

.0692 

,0653 

,0575 

.0720 

.0634 

.068 

.0380 

.0809 

.0712 

.0672 

.0591 

.0741 

.0652 

.070 

.0390 

.0831 

.0731 

.0690 

.0607 

.0761 

.0670 

.072 

.0401 

.0853 

.0750 

.0708 

.0023 

.0781 

.0688 

.074 

.0411 

.0875 

.0770 

.0726 1 

.0639 

.0801 

.0706 

.076 

.0422 

.0897 

.0789 

.0745 i 

.0655 

.0821 

.0722 

.078 

.0432 

,0919 

.0809 

.0763 1 

.0671 

.0841 

.0740 

.080 

.0442 

.0941 

.0828 

.0781 : 

.0687 

,0861 

.0758 

.082 

.0453 

.0963 

.0847 1 

.0799 ^ 

.0703 

.0881 

.0770 

.084 

.0463 

.0985 

.0867 

! .0817 

1 .0719 

.0901 

1 .0794 

.086 

.0474 

.1007 

.0886 

■ .0836 

1 .0735 

.0922 i 

1 .0812 

.088 

.0484 

.1029 

.0906 

.0854 

! .0751 

.0942 

1 .0830 

.090 

.0494 

.1051 

1 .0925 

.0872 

■ .0767 

.0962 

.0847 

.092 

.0505 

.1073 

1 .0944 

i .0890 

; .0783 

.0982 

.0865 

.094 

.0515 

.1095 

1 .0904 

i .0909 

! .0800 

.1002 

.0883 

.090 

.0525 

.1117 

i .0983 

.0927 

^ .0816 

.1022 

.0899 

.098 

.0536 

.1139 

.1003 

.0946 

1 .0832 

.1043 

.0917 

.100 

.0546 

.1101 

.1022 

.0964 

.0848 

.1063 

.0935 

.102 

.0557 

; .1182 

.1041 

.0982 

1 .0864 

.1083 

.0953 

.104 

,0567 

1 .1204 

.1060 

1 .1000 

.0880 

.1103 

.0971 

.106 

.0577 

1 .1226 

.1080 

.1019 

.0896 

.1123 

.0988 

.108 

.0588 

j .1248 

.1099 

.1037 

,0912 

.1143 

.1006 

.110 

.0598 

.1270 

.1118 

.1055 

.0928 

.1163 

.1023 

.112 

.0608 

.1292 

.1137 

.1073 

.0944 

,1183 

.1041 

.114 

.0619 

.1314 

.1156 

.1091 

.0960 

, 1203 

.1059 

.116 

.0629 

. 1336 

.1176 

.1110 

.0970 

.1223 

.1076 

.118 

.0640 

.1358 

,1195 

.1128 

.0992 

.1243 

.1094 
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Kroher’s table, — Continued. 

(Expressed ia grams.) 


roSFCRiL 

PBLOROGLDCIDE 

FlTBUrBAL 

1 

arabikosb 

ABABAK 

XTL08E 

XVLAN 

TT5NTOSI! 

PENTOSAN 

0.120 

0.0650 

0.1380 

0.1214 

0.1146 

0.1008 

' 0.1263 

0.1111 

,122 

.0660 

.1402 

.1233 

.1164 

i .1024 

. 1283 

.1129 

.124 

.0671 

.1424 ' 

.1253 

.1182 

.1040 

.1303 

.1147 

.126 

.0681 

.1446 

,1272 

.1201 

.1057 

.1324 

.1165 

.128 

.0691 

.1468 

.1292 

.1219 

.1073 

.1344 

.1183 

.130 

1 .0702 

.1490 ' 

.1311 

.1237 

.1089 

.1364 

.1201 

.132 

.0712 

.1512 ! 

.1330 

. 1255 

.1105 

.1384 

.1219 

.134 

.0723 

.1534 

.1350 

.1273 

1 .1121 

.1404 

.1236 

.136 

.0733 

.1556 

.1369 

.1292 

, .1137 

.1424 

.1253 

.138 

.0743 

.1578 ' 

.1389 

.1310 

.1153 

.1444 

.1271 

.140 

.0754 

.1600 ' 

.1408 

.1328 

.1169 

. 1464 

.1288 

.142 

.0764 

. 1622 i 

.1427 

.1346 

.1185 

.1484 

.1306 

.144 

.0774 

.1644 

.1447 

.1364 

.1201 

: .1504 

.1324 

.146 

.0785 

.1666 ! 

.1466 

.1383 

.1217 

.1525 

.1342 

.148 

.0795 

.1688 , 

.1486 

.1401 

1 .1233 

1 .1545 

.1360 

.150 

.0805 

.1710 1 

.1505 

.1419 

.1249 

.1565 

.1377 

.152 

1 .0816 

.1732 

.1524 

.1437 

1 .1265 

1 .1585 

.1395 

.154 

i .0826 

.1754 ' 

.1544 

.1455 

.1281 

.1605 

.1413 

.156 

.0837 

.1776 ! 

.1563 

.1474 

.1297 

.1625 

,1430 

.158 

.0847 

.1798 

.1583 

.1492 

1 .1313 

i .1645 

.1448 

.160 

i .0857 

.1820 ' 

.1602 

.1510 

, .1329 

1 .1665 

.1465 

.162 

, .0868 

.1842 ' 

.1621 

. 1528 

, .1345 

1 . 1686 

.1483 

.164 

.0878 

.1864 1 

.1640 

.1546 

.1361 

1 .1705 

.1501 

.166 

; .0888 

.1886 , 

.1660 

.1565 

i .1377 

1 .1726 

.1519 

.168 

.0899 

.1908 ' 

.1679 

.1583 

.1393 

j . 1746 

.1537 

.170 

.0909 

.1930 

.1698 

.1601 

1 .1409 * 

.1766 

1 .1554 

.172 

.0920 

.1952 i 

.1717 

.1619 

.1425 ! 

.1786 

.1572 

.174 

.0930 

.1974 , 

.1736 

.1637 

.1441 

.1806 

i .1590 

.176 

.0940 

.1996 ' 

.1756 1 

.1656 

.1457 

.1826 1 

1 .1607 

.178 

.0951 

.2018 ' 

.1775 1 

.1674 

.1473 

.1846 ! 

.1625 

.180 

.0961 

.2039 1 

.1794 

. 1692 

.1489 

.1866 

.1642 

.182 

,0971 

.2061 , 

.1813 

.1710 

.1505 

.1886 

.1660 

.184 

.0982 

.2082 ' 

.1832 ! 

.1728 

.1521 

.1906 

.1678 

.186 

.0992 

.2104 ' 

.1851 1 

.1747 i 

.1537 

.1926 

.1695 

.188 

.1003 

.2126 

1 

.1870 

j 

.1765 ' 

.1553 

,1946 

.1712 

.190 

.1013 

1 -2147 1 

.1889 1 

.1783 

.1509 

.1965 

. 1729 

.192 

.1023 

1 .2168 

.1908 ' 

.1801 

.1585 

.1985 

■ .1747 

.194 

.1034 

: .2190 1 

.1927 ! 

.1819 

.1601 

.2005 

.1764 

.196 

.1044 

1 .2212 

.1946 

.1838 

.1617 

.2025 

.1782 

.198 

.1054 

1 .2233 

.1965 ! 

.1856 ' 

1 

.1633 

.2045 

.1800 

.200 

.1065 

.2255 

.1984 

.1874 

.1649 

.2065 

.1817 

.202 

.1075 

i .2276 

.2003 

.1892 ' 

. 1665 

.2085 

.1835 

.204 

.1085 

, .2298 i 

.2022 ' 

.1910 ' 

.1681 

.2105 

.1853 

.206 

.1096 

, 2320 

.2041 

.1929 

.1697 

.2125 

.1869 

.208 

.1106 

,2341 

.2060 

.1947 

.1713 

.2144 

.1887 
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(Expressed in grams.) 
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FDRFURAt 

phlorOglucide 

FUFFTTRAL 

ARABINOSi; 

AEABAN 

XVLOSB 

XYLAN 

PENTOSE 

PBNTOSAN 

0.210 

o.iiiej 

0.2363 

0 . 2079 

0.1965 

0.1729 

0.2164 

0.1904 

.212 

.1127 

.2384 

.2098 

.1984 

.1745 

.2184 

.1922 

.214 

.1137 

.2406 

.2117 

.2002 

.1761 

.2204 

.1940 

.216 

.1147 

.2428 

.2136 

.2020 

.1778 

.2224 

.1957 

.218 

.1158 

.2449 

.2155 

.2038 

.1794 

.2244 

.1974 

.220 

.1168 

.2471 

.2174 

.2057 

.1810 

.2264 

.1992 

.222 

.1178 

,2492 

.2193 

.2075 

,1826 

.2284 

.2010 

.224 

,1189 

.2514 

.2212 

.2093 

.1842 

.2304 

.2028 

.226 

.1199 

. 2536 

.2232 

.2111 

.1858 

.2324 

.2046 

.228 

.1209 

.2557 

.2251 

.2130 

.1874 

. 2344 

.2063 

.230 

.1220 

.2579 

.2270 

.2148 

.1890 

.2364 

.2081 

.232 

.1230 

.2600 

.2289 

.2166 

.1906 

.2383 

.2097 

.234 

.1240 

. 2622 

.2308 

.2184 

.1922 

.2403 

.2115 

.236 

.1251 

.2644 

.2327 

.2202 

.1938 

.2423 

.2132 

.238 

.1261 

.2665 

.2346 

.2220 

.1954 

.2443 

.2150 

.240 

.1271 

.2687 

.2365 

.2239 

.1970 

.2463 

.2168 

.242 

.1281 

.2708 

.2384 

.2257 

.1986 

.2483 

.2185 

.244 

.1292 

.2730 

.2403 

.2275 

.2002 

.2503 

.2203 

.246 

.1302 

.2752 

.2422 

.2293 

.2018 

.2523 

.2220 

.248 

.1312 

.2773 

.2441 

' .2311 

.2034 

.2543 

.2238 

.250 

.1323 

.2795 

.2460 

.2330 

.2050 

.2563 

1 .2256 

.252 

.1333 

.2816 

.2479 

.2348 

.2066 

.2582 

.2272 

.254 

.1343 

.2838 

.2498 

.2366 

.2082 

.2602 

.2290 

.256 

.1354 

.2860 

.2517 

.2384 

.2098 

.2622 

.2307 

.258 

.1364 

.2881 

.2536 

,2402 

.2114 

.2642 

.2325 

. 260 

.1374 

.2903 

.2555 

.2420 

.2130 

.2602 

.2342 

. 262 

.1385 

.2924 

.2574 

.2438 

.2146 

.2681 

.2359 

.264 

.1395 

.2940 

.2593 

.2456 

.2162 

.2701 

.2377 

.266 

.1405 

.2968 

.2612 

.2474 

.2178 

.2721 

.2394 

.268 

.1416 

.2989 

.2631 

.2492 

,2194 

.2741 

.2412 

.270 

.1426 

.3011 

.2650 

.2511 

.2210 

.2761 

,2429 

.272 

. 1436 

. 3032 

.2669 

.2529 

.2226 

.2781 

.2447 

.274 

.1447 

.3054 

.2688 

.2547 

.2242 

.2801 

.2465 

.276 

.1457 

.3076 

.2707 

. 2565 

.2258 

.2821 

,2482 

.278 

. 1167 

.3097 

.2726 

.2583 

.2274 

.2840 

.2499 

.280 

.1478 

.3119 

.2745 

.2602 

.2290 

.2861 

.2517 

.282' 

.1488 

.3140 

.2764 

.2620 

.2306 

.2880 

.2534 

.284 

.1498 

.3162 

.2783 

.2638 

.2322 

.2900 

.2552 

.286 

.1509 

.3184 

.2802 

.2650 

.2338 

.2920 

.2570 

.288 

.1519 

.3205 

.2821 

.2674 

.2354 

.2940 

.2587 

.290 

.1529 

.3227 

.2840 

.2693 

.2370 

.2960 

.2605 

.292 

.1540 

.3248 

.2859 

.2711 

.2386 

.2980 

.2622 

.294 

.1550 

.3270 

.2878 

.2729 

,2402 

.3000 

.2640 

.296 

.1500 

.3292 

.2897 

.2747 

.2418 

.3020 

.2658 

■ .298 

.1571 

.3313 

.2916 

.2765 

.2434 

.3040 

.2675 

.300 

.1581 

,3335 

.2935 

.2784 

.2450 

,3060 

1 .2693 
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METHODS OF ANALYSIS 


19 Percentages hy voUme at 60'^F of ethyl alcohol corresponding to apparent 
specific gravities at various temperatures.^ 


APP.\RENT 

15.56 












srECirtc 

OR.ATITY 

15.56 

20/20 

22/22 

24/24 

25/'25 

26/26 

28/28 

30/30 

32/32 

34,34 

35/35 

36/36 

1.0000 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

.9999 

.07 

.07 

.07 

.07 

,07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

98 

.13 

.13 

.13 

.13 

.13 

.13 

,13 

.13 

,13 

.13 

.13 

.13 

97 

.20 

.20 

.20 

.20 

.20 

,20 

.20 

.20 

,20 

.20 

,20 

.20 

9 t ) 

.27 

.26 

,26 

.26 

.26 

,26 

.26 

,26 

.26 

.26 

.26 

.26 

95 

] .33 

.33 

.33 

.33 

.33 

,33 

.33 

.: i 3 

. 3:1 

.33 

.33 

.33 

94 

1 .40 

.40 

.40 

.40 

.40 

.40 

,40 

.40 

.40 

.40 

.40 

.40 

98 

i 

.46 

.46 

.46 

.46 

.46 

,46 

.46 

.40 

.46 

.46 

.46 

92 

.53 

.53 

.53 

.53 

,53 

.53 

.53 

,53 

.53 

.53 

.53 

.53 

91 

1 .60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

,60 

.60 

.60 

90 

.67 

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.60 

.06 

.66 

.66 

89 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

.73 

88 

.80 

.80 

.80 

.80 

.80 

.80 

.79 

.79 

.79 

,79 

.79 

.79 

87 

.87 

.87 

.87 

.87 

.87 

.87 

.86 

,86 

,80 

.86 

.86 

.86 

8 li 

.93 

.93 

.93 

.93 

.93 

.03 

.93 

.93 

.93 

.93 

.93 

.93 

8.5 

1.00 

1.00 

1.00 

. 1.00 

1.00 

1.00 

.99 

.99 

.99 

.99 

.99 

.99 

84 

07 

.07 

,07 

,07 

.117 

.07 

1,06 

1,06 

1.00 

1.06 

l.OG 

1.06 

83 

.14 

.14 

.14 

! .13 

,13 

.13 

.13 

.13 

,13 

.13 

.13 

.13 

8 & 

.20 

.20 

.20 

.20 

.211 

.20 

.20 

.19 

.19 

,19 

,19 

.19 

81 

.27 

.27 

.27 

,27 

,27 

.27 

.26 

.26 

.20 

.26 

,26 

.26 

80 

.34 

.34 

.34 

.34 

.34 

.33 

.33 

.32 

.32 

.32 

.32 

.32 

79 

.41 

.41 

.41 

.40 

.40 

.40 

.40 

.39 

.39 

.39 

.39 

.39 

78 

.48 

.48 

48 

,47 

.47 

.47 

.47 

.46 

.46 

,46 

.46 

.40 

77 

. .54 

.54 

,54 

.54 

.54 

,53 

.53 

.53 

.53 

.53 

.52 

.52 

7 t ) 

.61 

.61 

,61 

.60 

.60 

.60 

.60 

.59 

.59 

.59 

.59 

.59 

75 

.68 

.68 

.68 

.67 

.67 

,67 

ri 7 

.66 

. 01 ) 

.66 

.66 

.66 

74 

.75 

75 

76 

.74 

.74 

,73 

.73 

.73 

.73 

.72 

72 

.72 

73 

.82 

.81 

.81 

.81 

.81 

.80 

.80 

.80 

.80 

.79 

.79 

.79 

72 

.88 

.88 

,88 

,87 

.87 

,87 

8 (] 

.80 

.86 

.85 

.85 

.85 

71 

-05 

.95 

,95 

.94 

.94 

.94 

.93 

.93 

.93 

.92 

.92 

.92 

70 

2 02 

2.02 

2.02 

2.01 

2.01 

2.01 

2-00 

2.00 

2.00 

.()(l 

.99 

.99 

tiO 

.09 

.09 

.09 

.08 

.08 

.08 

.07 

.07 

.06 

2,05 

2.05 

2.05 

6 S 

.16 

.15 

, 1,5 

,14 

.14 

.14 

.14 

.14 

.13 

.12 

.12 

,12 

tiT 

.23 



.21 

.21 

.21 

.20 

.20 

.20 

.19 

,19 

.19 

86 

.30 

.29 

,29 

,28 

28 

.28 

. 27 

, 27 

.27 

.26 

.20 

.26 

6.5 

1 .37 

.36 

.36 

,35 

. 3.5 

, 3.5 

31 

.34 

.: i :} ! 

.:}2 

,32 

.32 

64 I 

! .43 

43 

.43 

.42 

.42 

.42 

.41 

.41 

,40 1 

.39 

.39 

.39 

63 

i ..50 

,. 5 <J 

.,50 

.49 

.49 


.48 

,48 

,47 ! 

.46 

.46 

,46 

62 i 

..57 

.57 

.57 

.56 

..56 

! .,56 

.55 

..54 ■ 

.54 

..53 

.53 

.53 

61 ; 

! .64 , 

.64 

,64 

.63 , 

.63 

■ 1 

.62 ^ 

.61 , 

.60 

.60 

,59 

.59 

60 

. ,71 

.70 

,70 

,70 

.70 , 

1 ,70 

.liO 

,08 ' 

.67 

.67 

.60 

.06 

5(1 

.78 i 

. 77 

. 77 

.77 

77 

.77 

.76 

7.5 

,’74 

.74 ^ 

. 7.3 

.73 

58 

.85 ' 

.84 

,84 

.83 

i .83 

1 .83 ' 

.82 

,82 

.81 

1 -81 

.80 

.80 

57 

.92 

.91 

.91 , 

.90 

.90 

,90 

.89 1 

.88 

.87 

.87 i 

.86 

,86 

56 

.99 

,98 

.98 

.97 

.97 

.97 

.96 

.95 

.94 

1 .94 ' 

.93 

.93 

53 i 

3.06 

1 3.05 

3.05 

3.04 

3,04 

3.04 

3.03 

3,02 

1 3.01 

3.01 

3.00 

3.00 

.54 j 

.13 

i ■ 12 

.12 : 

.11 

.11 

,11 

. 10 

09 

1 .08 

■ .08 

.07 

. 0 : 

1 

.20 

.19 

.19 ; 

.18 

,18 

,18 

. 17 

. 16 

.15 

.15 

.14 

,14 


27 

.26 

.26 

.25 

, 2.5 

, 25 

.24 

,23 

.22 

22 

.21 

.21 

51 ! 

.34 j 

.33 

.33 j 

,32 

-32 

.32 

.31 

.30 

.29 

.28 

.27 

.27 

.50 1 

.41 

.40 

.40 ^ 

.39 

..'tfi 

.39 

.: 1 S 

.37 

.36 

..35 

.34 

.; i 4 

49 

.49 

.47 

.47 i 

.46 

.46 

.40 

. 4.5 

1 .44 

. 4:1 

.42 

, -41 

.41 

48 i 

.56 

..54 

..54 ‘ 

,53 

.53 

..53 

..52 

.51 

.50 

.19 

.48 

.48 

47 j 

.63 

.61 

■61 ; 

,60 

.60 

.60 

..59 

1 .58 

.57 

.56 

.55 

. 55 

46 

.70 

.68 

.68 i 

.67 

.67 

.67 

. 66 

, 6.5 

,64 

.63 

.62 

.62 

45 

.77 

. 76 

. 7,5 

.74 

.74 

.74 

.73 

i .72 

.70 

.69 

.08 

.68 

44 

.84 

.83 

.82 1 

.81 

.81 

.81 

.79 

.78 

.77 

. 76 

.75 

.75 

43 

.91 

.90 

.89 1 

.88 

.88 

.88 

,86 

1 .85 

.84 

.83 

.82 

.82 

42 

.99 

,97 

.96 ' 

. 9.5 

.95 

.05 

,93 

92 

.91 

,90 

,89 

.89 

41 

4.06 

4,04 

4.03 i 

4 02 

4.02 

4.02 

4.00 

1 .99 

.98 

.97 

.96 

.96 

40 

,13 

.11 

.10 

,10 

.09 

.09 

.07 

4.06 

4 . 0,5 

4,04 

4.03 


39 

.20 

.18 

■17 ' 

,17 

.16 

.16 

. 14 

.13 

.12 

.11 

.10 

.ill 

.38 

.28 

.26 

.25 ! 

. 2.5 

.24 

. 2:1 

.21 

.20 

.19 

.18 

.17 

• I" 

.37 

. 3.5 

• •33 

.32 i 

.32 

.31 

,30 

.28 

.27 

,26 

.25 

.24 

• .24 

36 

.42 

,40 

.39 1 

.,39 

.38 

.37 

,36 

,: i 5 

, 3:1 

.: J 2 

..31 

. 31 ) 

35 

.50 

.48 

.47 ! 

,46 

. 4-5 

.44 

,43 

,42 

.40 

,39 
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Percentages hy volume at 60° F of ethyl alcohol corresponding to apparent 19 
specific gravities at various temperatures. — Continued. 
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19 Percentages hy volume at SOT of ethyl alcohol corresponding to apparent 
specific gravities at various temperatures. — (Continued. 
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.79 

.46 

,21 

56.02 

40 

.09 

.86 

.55 

.31 

.13 

09 

.08 

.84 

.51 

.26 

,06 

39 

.14 
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.66 

.43 

,12 

.88 

.70 

96 

.66 

.41 

,09 

.84 

.65 

26 

.70 

.47 

.16 
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.92 

01 

.88 

.64 

.31 

.07 

,88 

21 
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.90 

.60 

.37 

.20 

14 

.21 
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.83 

., 5.5 

,33 

.17 

67 

.19 

.98 

.68 

.44 ■ 

.27 

97 

,06 

.87 

..59 

.37 

.21 

66 

,23 

66.02 

.72 

,49 ' 

.31 

96 

. 10 ' 

.91 

,63 

.41 

.25 

65 

.28 

,06 

. 76 

,53 

.36 

95 

.14 

,95 

.67 

.45 

.29 

64 

,32 

.10 

.81 

.57 ! 

.40 

94 

.18 ' 
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.93 

.70 

.53 

91 

.31 
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.66 

55 

.69 

,48 

.18 
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.91 

.74 

53 

.78 

.56 

.27 

.04 

.86 

83 

.63 

.44 

.16 
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15.56 

20/20 

2 . 5/25 

30/30 

35/35 

APPARENT 

SPECIFIC 

URAVITY 

15.. 50 
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.91 

24 

.96 

.79 

,53 

.33 

.18 

.54 

.66 

.51 

.27 

.08 
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19 PeTcmtage& by volmne at 60° F of ethyl alcohol corresponding to apparent 
specific gravities at various temperatures . — Continued. 
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specific gravities at various temperatures. — Continued. 


APPARENT 

fiPEClPIC 

15.56 

20/20 

25/25 

30/30 

35/35 

AITAIIE^T 

BI'ECIFIC 

15.56 

20/20 

25/25 

30/30 

35/35 

gravity 

tt.SdOU 

15.56 

81.29 

80.20 

79.01 

77.88 

76.78 

gravity 

0.8530 

15.56 

83.73 

82.66 

81.50 

80.38 

79.30 

0.8599 

.83 

.23 

,05 

,91 

.82 

29 

.77 

.69 

.54 

.42 

.34 

98 

.36 

.27 

.()!) 

,95 

,85 

28 

.80 

.73 

.57 

.45 

.,38 

97 

.40 

.30 

.12 

.99 

.89 

27 

.84 

.76 

.61 

.49 

.41 

96 

,48 

,34 

.16 

78.02 

.93 

2 b 

.87 

.80 

.64 

.52 

.45 

95 

.47 

.38 

.19 

.06 

.90 

25 

.90 

.83 

.68 

.56 

.48 

94 

.51 

.41 

.23 

.09 

77.00 

24 

.04 

.87 

,71 

.,59 

.52 

03 

.54 

.45 

.27 

.13 

.04 

23 

,07 

.90 

,75 

.63 

.55 

92 

.58 

.48 

,30 

.17 

,07 

22 

84.01 

.94 

.78 

.66 

-.59 

91 

.61 

.52 

.34 

.20 

.11 

21 

.04 

.97 

.82 

.70 

.62 

90 

.65 

.55 

.37 

.24 

.14 

20 

.07 

83.01 

.85 

.73 

.66 

89 

.68 

.59 

.41 

.27 

.18 

19 

.11 

.04 

.89 

.77 

.70 

88 

.72 

.62 

.44 

.31 

,22 

18 

,14 

.07 

.92 

.81 

.73 

87 

.75 

.66 

.48 

,35 

.25 

17 

.18 

.11 

.96 

.84 

.77 

86 

.79 

.69 

.52 

..38 

.29 

16 

.21 

.14 

.99 

.88 

.80 

85 

.82 

.73 

,55 

.42 

.33 

15 

.24 

.18 

82,03 

.91 

.84 

84 

.86 

,77 

.,59 

.45 

.36 

14 

.28 

.21 

.06 

95 

.87 

88 

.89 

,80 

.62 

.49 

.40 

13 

.31 

.25 

.10 

.98 

.91 

82 

,93 

.84 

.66 

.53 

.43 

12 

,31 

.28 

.13 

81.02 

.94 

81 

,96 

.87 

.70 

.56 

.47 

11 

.38 

.,32 

.16 

.05 

.98 

80 

82.00 

.91 

.73 

.60 

.51 

10 

.41 

.35 

.20 

.09 

80.01 

79 

.03 

. 1)4 

.77 

.64 

.54 

09 

.45 

.39 

.23 

.12 

.05 

78 

.07 

.98 

,80 

.67 

.58 

08 

.48 

.42 

.27 

.16 

.08 

77 

,10 

81.01 

.84 

,71 

.62 

07 

.51 

.45 

.30 

.19 

.12 

76 

.14 

,05 

.87 

.74 

.65 

06 

.55 

.49 

■ ,34 

.23 

.15 

75 

.17 

.08 

.91 

.78 

,69 

06 

.58 

.52 

.37 

.26 

.19 

74 

.21 

,12 

.95 

.82 

.72 

04 

,61 

,56 

.41 

,30 

.23 

73 

.24 

.16 

.98 

,85 

, 7 b 

03 

,65 

,59 

.44 

,33 

.26 

72 

.28 

.19 

80.02 

.89 

.80 

02 

.68 

.62 

.47 

,37 

.30 

71 

.31 

.23 

.05 

.02 

.83 

01 

.72 

.66 

.51 

.40 

,33 

70 

.35 

.26 

.09 

.96 

.87 

00 

.75 

.09 

.54 

.44 

.37 

69 

.38 

.30 

.12 

79,00 

.91 

0.8499 

.78 

.73 

.58 

.47 

.40 

68 

.42 

.33 

.16 

,03 

.94 

98 

.82 

.76 

,61 

.51 

.44 

67 

.45 

.37 

.20 

.07 

.98 

97 

.85 

.79 

.65 

.54 

.47 

66 

.49 

.10 

.23 

.10 

78.01 

06 

.89 

.83 

.68 

.57 

.51 

65 

,52 

.44 

.27 


.05 

95 

.92 

.86 

.71 

.61 

.54 

64 

, 56 

.47 

.30 1 

.17 j 

.09 

94 

.95 

.90 

.75 

.64 

.58 

68 j 

.59 

.51 

.34 i 

.21 ^ 

.12 

93 

.99 

.93 

.78 

.68 

.61 

62 1 

.63 

.54 

.37 1 

.25 1 

.16 

92 

85.02 

.97 

.82 

.71 

- 6.5 

61 

.66 

.58 

,41 

.28 

.19 

91 

.05 

84.00 

.85 

.75 

.68 

60 1 

.70 

.61 

.44 

.32 

.23 

90 

.09 

.03 

.89 

.78 

.72 

5(1 

, 73 

.65 

.18 

,35 

.27 

89 

.12 

.07 

.92 

.82 

.75 

58 

.77 

.68 

,51 

.39 

.30 

88 

, 15 

.10 

.96 

.85 

.79 

57 

.80 

.72 

.55 

.42 

.34 

87 

,18 

.14 

.99 

.89 

.82 

56 

.84 

.75 

.59 

.46 

.37 

8 11 

,22 

.17 

83.02 

.92 : 

.86 

55 

.87 

.79 

.62 

,49 

.41 

8 ,i 

.25 

.20 

.06 

.96 

.89 

54 

.91 

.82 

.66 

.,53 

.45 

84 

.28 

.24 

.09 

.99 

.93 

53 

.94 

.86 

.69 

57 

.48 

83 

.,32 

,27 

.13 

82.03 

.96 

52 

.98 

.89 

.73 

JiO 

.52 

82 

.35 

.31 

.16 

.06 

81.00 

51 

83.01 

.('3 

.76 

.64 

.55 

81 

.38 

.34 

.20 

.10 

.03 

50 

.04 

,96 

.80 

.67 

.59 

80 

,42 

.37 

.23 

.13 

.07 

49 

,08 

82.00 

,83 

.71 

.63 

79 

.45 

.41 

.26 

.17 

.10 

48 

.11 

.03 

.87 

.74 

.66 

78 

.48 

.44 

.30 

.20 

.14 

47 

.15 

.07 

.90 

.78 

.70 

77 

.51 

.47 

.33 

.24 

.17 

46 

,18 

.22 

.10 

.94 

.81 

.73 

76 

.55 

.51 

.37 

.27 

.21 

45 

.14 

98 

.85 

.77 

75 

,58 

.54 

.40 

.30 

.24 

44 

.25 

.17 

81.01 

.89 

.81 

74 

,61 

,57 

.43 

.34 

.28 

43 

.29 

.32 

.21 

.05 

92 

.84 

73 

.65 

.61 

.47 

.37 

.31 

42 

.24 

,08 

.96 

.88 

72 


.64 

.50 

,41 

.35 

41 

.33 

.28 

,12 

.99 

.91 

71 

.71 

.67 

.54 

.44 

.38 

40 

89 

. 3 (i 

.31 

, 15 

80.03 

, 95 

70 

.75 

.71 

.57 

.48 

.42 

.42 

.35 

.19 

.06 

.99 

69 

.78 

.74 

.61 

.51 

.45 

88 

.46 

.38 


.10 

79,02 

68 

.81 

,78 

.64 

.55 

.49 

87 

.49 

.42 

!20 

,13 

.06 

67 

.84 

.81 

.67 

.58 

.52 

86 

.53 

.45 

’>9 

,17 

.09 

66 

.88 

.84 

,71 

.62 

.56 

85 

,.56 

.49 

.'30 

,211 

, 13 

6.5 

.91 

,88 

,74 

.65 

.59 

84 

88 

,.59 

,52 

,36 

.24 

.16 

64 

.94 

.91 

.78 

.69 

.63 

. 63 

.55 

.59 

.40 

.28 

.20 

63 

.08 

.94 

.81 

?•> 

.66 

82 

.66 

,43 

.31 

,23 

62 

86,01 

.98 

.85 

!75 

.70 

81 

.70 

.62 

,47 

.35 

,27 

61 

.04 

85.01 

.88 

.79 

.73 

30 

.73 

.66 

.50 

.38 

,30 

60 

.08 

.04 

.91 

.82 

.77 


657 



XLH METHODS OF ANALYSIS 


19 Percentages hy volume at 60^ F of ethyl alcohol corresponding to apparent 
specific gravities at various temperatures. — Continued. 
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89 

.95 

.28 

,.52 

.75 

.99 

19 


.72 ; 

.04 1 

.36 ; 

.66 

88 

.97 

.30 

.54 

,78 

96.02 

18 


.74 

.06 

.38 

.68 

87 

.99 

.32 

.57 

.80 

.04 

17 


.76 

.08 

,40 

.71 

86 

99.01 

.34 

..59 

.83 

,07 

16 


.78 

.10 

.42 

.73 

85 

.03 

.36 

.61 

.85 

.09 

15 


.80 

.12 

.44 

.75 

84 

.05 

.39 

. 63 

.87 

.12 

1 


,82 

.14 

.46 

.77 

83 

.07 

.41 

.66 

.90 

.14 

13 


,84 

.16 

.48 

.80 

82 

.09 

. 4,3 

,68 

.92 

.16 

! 12 


.86 

.18 

.61 

.82 

81 

.11 

.45 

,70 

.95 

.10 

1 


.88 

.20 

.53 

.84 

80 

.13 

.47 

72 

.97 

.21 

10 


.90 

.22 

.55 

.86 

79 

.15 

.49 

.75 

97.00 

.24 

' 09 


,92 

.24 

.57 

.89 

78 

.17 

.51 

.77 

.02 

.26 

08 


.94 

.27 

.59 

.91 

77 

.19 

.54 

.79 

.04 

.29 

1 t >7 


.96 

.29 

.61 

.93 

76 

.21 

.56 

,81 

,07 

.31 

1 06 


.98 

.31 

.63 

.95 

75 

.23 

,58 

,84 

,09 

.34 

05 


100,00 

.33 

.66 

.98 

74 

.25 

.60 

,86 

.11 

.36 

04 



.35 

.68 

98.00 

73 

.27 

.62 

,88 

.14 

.33 

03 



.37 

.70 

.02 

72 

.29 

.64 

,90 

.16 

,41 

02 



.39 

.72 

.04 

71 

.31 

.66 

,93 

.18 

.43 

01 



.41 

.74 

.07 

70 

.33 

.68 

,95 

.21 

.46 

00 



;43 

.76 

.09 
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Percentages hy volume at 60 ° F of ethyl alcohol corresponding to apparent 
specific gravities at various temperatures. — Concluded, 


APPiRKirr 

SPECIFIC 

GH-VVITt 

25/25 

30/30 

35/35 

APP.^tRENT 

SPECIFIC 

GRAVITY 

35/35 

0.7900 

99.43 

98,76 

98.09 

0.7830 

99.56 

.7899 

.45 

.78 

.11 

29 

.58 

98 

.47 

.80 

,13 

28 

.60 

97 

.49 

.82 

! .15 

27 

.62 

96 

.51 

.84 

,18 

26 

.64 

95 

.53 

.87 

.20 

25 

.66 

94 

.55 

.89 

.22 

24 

.68 

93 

.57 

.91 

.24 

23 

.70 

92 

.59 

.93 

.26 

22 

.72 

91 

.61 

.95 

; .29 

21 

.74 

90 

.63 

.97 

.,11 

20 

,76 

89 

.65 

1 .99 

.33 

19 

.78 

88 

,67 

1 99.01 

. 3,5 

18 ' 

.80 

87 

.69 

.03 

.37 

17 

.82 

86 

.71 

.05 

.40 

16 

.84 

85 

1 .73 

.07 

,42 ' 

15 1 

.86 

84 

1 .75 

.09 

.44 

14 

.88 

83 

.77 

.12 

.46 

13 

.90 

82 

.79 

.14 

,48 

12 

.92 

81 

.81 

.16 

.50 

11 

.94 

80 

,83 

.18 

,53 

09 

.98 

79 

.85 

.20 

.,55 

08 

' 100.00 

78 

.86 

.22 

.57 



77 

.88 

.24 

.59 



76 

■ .90 

.26 

.61 



75 

i .92 

1 .28 

, .63 



74 

.94 

.30 

.65 



73 

1 .96 

.32 




72 

.98 

.34 

.70 



71 

100.00 

.36 




70 


.38 

.74 



69 


.40 

.76 



68 


.42 

.78 



6 , 


.44 

.80 



66 


.46 

.82 



65 


.48 

.84 



64 


.50 

.86 



63 


.52 

.89 



62 


.54 

,91 



61 


.56 

. 9.1 



60 


..58 

. 9.5 



59 


.60 

.97 



.58 


.62 

.99 



57 

! 

.64 ! 

99.01 



56 


.66 

.03 



55 


.68 1 

.05 



54 


.70 

.07 



53 



.09 



52 


',74 * 

.12 



51 


.76 

.14 



50 


.78 

.16 



49 


.80 1 

.18 



48 


.72 

.20 



47 


.84 1 

.22 



46 


.86 

.24 



45 


.88 

.26 



44 


.90 1 

.28 



43 


.92 

.30 



42 


.94 j 

.32 



41 


.96 ' 

,34 



40 


.98 

,36 



.39 


100.00 

,38 



38 



.40 



37 



.42 



36 


j 

,44 



35 



.46 



34 



.48 



33 



.50 



32 



.52 



31 



.54 



30 



.56 
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Alcohol table for calculating the percentages of alcohol by volume at t5.66°C in 20 
mixtures of ethyl alcohol and water from their Zeiss immersion refractom- 
eter readings and indices of refraction at 17,5~25°C.^ 




17.5“ C. 

18“ C. 

19“ C. 

20“ C. 

21“ C, 

22“ C. 

23“ 0. 

24“ C. 

25“ C. 

SCALE 

INDEX OP 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 



by 

by 

by 

by 

by 

by 

by 

by 

by 



volume 

volume 

volume 

volume 

volume 

volume 

volume 

volume 

volume 

13.2 

1.33250 









0.00 

13.4 

3257 









0.18 

13.6 

3265 








0.14 

0.35 

13.8 

3273 







o.io 

0.31 

0.53 

14.0 

3281 






0.08 

0.28 

0.49 

0.70 

14.2 

3288 





6.04 

0.24 

0.45 

0.67 

0.88 

14.4 

3296 





0.21 

0.41 

0-63 

0.84 

1.06 

14.6 

3304 




O.IG 

0.38 

0.59 

0.80 

1.02 

1.24 

14.8 

3312 



o.ii 

0.34 

0.55 

0.77 

0.98 

1.19 

1.40 

15.0 

3319 

0.00 

0.10 

0.31 

0.52 

0.73 

0.94 

1.16 

1.36 

1.55 

15.2 

3327 

0.17 

0.27 

0.48 

0.69 

0.91 

1.12 

1.32 

1.51 

1.71 

15.4 

3335 

0.34 

0.44 

0.65 

0.85 

1.07 

1.29 

1.47 

l.GG 

1.86 

15.6 

3343 

0.51 

0.60 

0.82 

1.03 

1.24 

1,44 

1.62 

1.82 

2.01 

15.8 

3350 

0.68 

0.78 

0.99 

1.21 

1.40 

1.60 

1.77 

1.97 

2.17 

16.0 

3358 

0.84 

0.94 

1.17 

1.36 

1.55 

1.75 

1.92 

2.12 

2.33 

16.2 

3366 

1 .02 

1.12 

1.32 

1 .51 

1.70 

1.90 

2.08 

2.27 

2.48 

16.4 

3374 

1.18 

1.29 

1.47 

1.06 

1.85 

2.05 

2,24 

2.43 

2.62 

16.6 

3381 

1.34 

1.43 

1,62 

1.81 

2.00 

2.20 

2.39 

2.57 

2.77 

16.8 

3389 

1 .49 

1.57 

1.77 

1.96 

2,15 

2.35 

2.53 

2.72 

2.92 

17.0 

3397 

1 .03 

1.72 

1.92 

2.11 

2.30 

2.50 

2.69 

2.87 

3.06 

17.2 

3405 

1.77 

1,87 

2.06 

2.26 

2,45 

2.65 

2.82 

3.02 

3.21 

17.4 

3412 

1.92 

2.01 

2.21 

2.41 

I 2.59 

1 2.79 

2,97 

3.17 

3.36 

17.6 

1 3420 

2.07 

2,16 

2.30 

2.56 

! 2.74 

2.94 

3.12 

3.32 

3.51 

17.8 

3428 

2.21 

2.31 

2.51 

2.70 

2.89 

3.09 

3.27 

3.46 

3.66 

18.0 

3435 

2.30 

2,45 

2.60 

2.85 

3.04 

3.23 

3.42 

3.61 

3.81 

18.2 

3443 

2.50 

2.00 

2.81 

3.00 

3.19 

3.37 

3.57 

3.76 

3.96 

18.4 

3451 

2.65 

2.75 

2.96 

3.15 

3.34 

3.52 

3.71 

3.91 

4.11 

18.0 

3459 

2.80 

2.90 

3.10 

3.30 

3.48 

3.66 

3.86 

4.06 

4.26 

18.8 

3400 

2.95 

3.05 

3.25 

3.45 

3.63 

3.81 

4.01 

4.21 

4.41 

19.0 

3474 

3.10 

3.19 

3.40 

3.59 

3.77 

3.96 

4.16 

4.36 

4.56 

19.2 

3482 

3.25 

3.34 

3.55 

3.73 

3.92 

4.11 

4.31 

4.51 

4.70 

19.4 

3489 

3.39 

3.48 

3.70 

3.88 

4,07 

4.26 

4.46 

4.65 

4.85 

19.6 

3497 

3.53 

3.03 

3.84 

4.03 

4.22 

4.41 

4,61 

4.80 

5.00 

19.8 

3505 

3.68 

3.78 

3.98 

4.17 

4.37 

4.56 

4.75 

4,95 

5.15 

20.0 

3513 

3.83 

3.93 

4.13 

4.33 

4.52 

4.72 

4.90 

5.10 

5.29 

20.2 

3520 

3.97 

4.07 

4.27 

4-47 

4.66 

4.87 

5.05 

5.24 

5,44 

20.4 

3528 

4.12 

4.22 

4.42 

4.61 

4.82 

5.01 

5.20 

5.38 

5.58 

20.6 

3530 

4.26 

4.36 

4.56 

4.75 

4.96 

5.15 

5.34 

5.52 

5.72 

20.8 

3543 

4.41 

4.51 

4.70 

4.90 

5.10 

5.29 

5.48 

5.67 

5.87 

21 .0 

3551 

4.56 

4.65 

4.85 

5.04 

5.24 

5.44 

5.62 

5.82 

6.02 

21.2 

3559 

4,70 

4.80 

4.99 

5.19 

5.39 

5.58 

5-77 

5.96 

0.16 

21.4 

3566 

4.84 

4.94 

5.14 

5.33 

5.53 

5.72 

5.91 

6.11 

6.30 

21.6 

3574 

4.99 

5.09 

5.28 

5.47 

5.67 

5.87 

6.06 

6.25 

6.44 

21.8 

3582 

5.13 

5.23 

5.43 

5.61 

5.82 

6.01 

6.20 

6.39 

6.59 


> Rearranited from the table of B. K. St. John, which is based upon the data of Doroschev^ and 
Dvorshanchik, J. /fuss. Fhya. Chem. Soc., 40, 101 (1908). The scale readings were converted into refractive 
indioee by using the formiua jijj » 1.327338 ■f0.00039347X-bO,00(W0020446X . 

* The scale readings refer only to the scale of arbitrary umto propos^ by PuJfri^, Z. ang^. Chm„ 
p, 1168, 1899. According to this scale, 14.5 *1.33300, 60.0 **1.34850, and 100,0 — 1.36464. If ^e immeraon 
refraotometer used is calibrated to another arbitrary scale, the readings must be converted into retractive 
indicea before the table ia used to determine the percentage of alcohol. 
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Alcohol table. — Continued. 


SCALE 

BEADING 

INDEX OF 

refraction 

17.5“ 0. 

Per cent 
by 

volume 

18“ C. 

19“ C. 

20“ C. 

21“ C. 

22“ C. 

23“ C. 

24“ C. 

25“ C. 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per rent 

vnlmne 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

22.0 

1.33590 

5.27 

5.37 

5.57 

5.76 

5.96 

6.15 

6.34 

6.54 

6.73 

22.2 

3597 

5.41 

5.51 

5.71 

5.90 

6.11 

6.29 

0.49 

6.68 

6.87 

22.4 

3605 

5.56 

5.65 

5.85 

6.05 

6.25 

6.43 

6.63 

6.82 

7,01 

22.6 

3613 

5.70 

5.80 

6.00 

6.19 

6.39 

6.57 

6.77 

6.96 

7.16 

22.8 

3620 

5.85 

5.94 

6.14 

6.33 

6.53 

6.71 

6.91 

7.10 

7.31 

23.0 

3628 

5.99 

6.08 

6.28 

6.47 

6.67 

6.86 

7-06 

7,24 

7.45 

23.2 

3636 

6.13 

6.22 

6.42 

6.61 

6.81 

7.00 

7.20 

7.39 

7.59 

23.4 

3643 

6.27 

6.36 

6.56 

6.75 

6.95 

7.14 

7.34 

7,53 

7.73 

23.6 

3651 

6.41 

6.50 

6.70 

6.90 

7.09 

7.28 

7.48 

7,67 

7.87 

23.8 

3659 

6.55 

6.64 

6.85 

7.04 

7.23 

7.42 

7.62 

7.81 

8.00 

24.0 

3666 

6.69 

6.78 

6.99 

7.18 

7.38 

7.56 

7.76 

7.95 

8.14 

24.2 

3674 

6.83 

6.92 

7.13 

7.32 

7.52 

7.70 

7.90 

8.09 

8.28 

24.4 

3682 

6.97 

7.06 

7.27 

7.46 

7.66 

7.84 

8.04 

8.23 

8.42 

24.6 

3689 

7.11 

7,20 

7.41 

7.60 

7.80 

7.98 

8.17 

8.37 

8.55 

24.8 

3697 

7.25 

7.35 

7.55 

7.74 

7.93 

8.12 

8.31 

8.51 

8.69 

25.0 

3705 

7,39 

7.49 

7.68 

7.88 

8,06 

8.26 

8.45 

8.64 

8.84 

25,2 

3712 

7.53 

7.63 

7.82 

8.01 

8.20 

8.40 

8,59 

8.78 

8.98 

25.4 

3720 

7.66 

7,76 

7.95 

8.14 

8.34 

8.54 

8.73 

8.92 

9.12 

25,6 

3728 

7.80 

7.90 

8,09 

8.28 

8.48 

8.68 

8.86 

9.06 

9.26 

25.8 

3735 

7.94 

8.03 

8.22 

8.42 

8.62 

8.82 

9.00 

9.20 

9,39 

26.0 

3743 

8.07 

8.16 

8.36 

8.55 

8.75 

8.95 

9.14 

9,34 

9,53 

26.2 i 

3751 

8.21 

1 8.30 

8.50 

8. 09 ' 

1 8,89 ' 

9.09 

1 9,28 

1 9.48 

9.67 

26.4 1 

3758 : 

8.34 i 

8 . 44 : 

8.63 ^ 

8.82 1 

9.03 i 

9.22 ' 

1 9.42 1 

9.61 

9.81 

26.6 i 

3766 ! 

8,48 ' 

■ 8.57 i 

8.77 

8.96 

9.16 ' 

9.36 

! 9.55 

1 9,75 

9.95 

26.8 ? 

3774 i 

8.62 ■ 

1 8.71 i 

8.91 , 

9.10 

9.30 ; 

9.49 , 

■ ^ 1 

1 9.89 

ilO .09 

27.0 ■ 

3781 ' 

8.75 

8.85 i 

9.05 ; 

; 9.23 

9.44 

9.63 

1 0.83 ' 

10.03 

ko -23 

27.2 ! 

3789 ^ 

8.89 ' 

8.98 

9.18 ■ 

1 9.37 

9.58 i 

9.76 

1 9.97 

do . 17 

10.37 

27.4 I 

3796 : 

9.02 ; 

9.12 ; 

9.32 j 

9.51 

9.71 ^ 

9.90 

IIO.IO ' 

10.31 

10.51 

27.6 ^ 

3804 ' 

9.16 i 

9.26 

9.45 1 

i 9.65 1 

9.85 ^ 

10.03 

10.24 : 

10.45 

10.65 

27.8 i 

3812 

9.29 I 

9.39 1 

9.59 ; 

I 9.79 

9,98 j 

10.17 

' 10,38 

: 1 

ilO .58 

10.79 

28.0 ; 

3820 , 

9.43 

9.53 

9.72 ! 

9.92 

10.12 ' 

10.31 

10.51 

10.72 

10.93 

28.2 ; 

3827 : 

9.57 

9.66 ' 

9.86 

10.06 

10.25 : 

10.45 

110.65 

10.86 

111 .06 

28.4 j 

3835 ^ 

9.70 

9.80 

9.99 

10.19 

10.39 

10.59 1 

10.79 i 

11.00 

11.20 

28.6 j 

3842 1 

9.84 

9.93 

10.13 i 

10.32 

10,52 I 

10.72 ^ 

: 10.93 1 

11.13 

11.33 

28.8 i 

3850 1 

9.97 

10.07 

10.26 ‘ 

1 

10.46 

10.66 ' 

j 

10.86 

11.06 

111 .27 

H .47 

29.0 ! 

3858 

10.10 i 

10.19 

10.40 

10.59 

10,79 

11.00 ' 

11,20 ' 

11,40 

111.61 

29.2 ! 

3865 

10.24 ‘ 10. 33 

10.52 j 

10.73 

10.93 ! 

11 . 13 

ill .33 ' 

11.54 

ill .75 

29.4 1 

3873 

10.36 

10.46 

10.66 1 

10.86 

11.06 ; 

1 1 .27 

11.47 

11.67 

11.88 

29.6 i 

3881 : 

10.50 

10.59 , 10.79 

10,99 i 

11.20 

11.39 

11,60 

11.81 

Il 2 . 0 l 

29.8 ' 

3888 i 

j 

10.63 

10.72 

10.93 

11.12 

11.33 

11.53 

111.74 

11,94 

12.15 

30.0 j 

3896 : 

10.76 

10,86 

11.05 

11.26 ‘ 

11.46 

11.66 

11.87 

12.08 i 

12.29 

30.2 ^ 

3904 i 

10.89 

10.99 111.18 

11.38 i 

11.59 

11.79 

12.00 

12,21 

| l 2.42 

30.4 { 

3911 ' 

11.02 

11.12 11.31 

11.51 

11.72 

11.93 

12.13 

12.34 1 

12.56 

30.6 1 

3919 1 

11.15 

11.25 

11.44 

11.64 

11.85 

12.06 

12,27 

12.48 1 

12.70 

30.8 I 

3926 

11.28 

11.38 

11.58 

11.78 

11.99 

12.19 

12,40 

12,61 

12.84 
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SCALE 

KEADIKa 

tNDJSX Of 
UBrRACTIOff 

17,5® C. 

18 “ 0 . 

life. 

20“ C. 

21“ C, 

22“ C. 

23“ C. 

24“ C. 

25“ C, 

Ter cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

i’er cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Percent 

by 

volume 

31.0 

1.33934 

11.41 

11.51 

11.71 

11.91 

12.12 

12.32 

12.54 

12.75 

12.97 

31 .2 

3942 

11.54 

11.64 

11.84 

12.04 

12.25 

12.46 

12.67 

12.89 

13.11 

31.4 

3949 

11.66 

11.77 

11.97 

12.17 

12.38 

12.59 

12.81 

13.02 

13.24 

31.6 

3957 

11.79 

11.90 

12.10 

12.30 

12.51 

12.72 

12.94 

13,15 

13.37 

31.8 

3964 

11.92 

12.03 

12.23 

12.43 

12.64 

12.85 

13.07 

13,29 

13.51 

32.0 

3972 

12.05 

12.15 

12.36 

12.57 

12,78 

12.99 

13.20 

13.42 

13.64 

32.2 

3980 

12.18 

12.28 

12.49 

12.70 

12.91 

13.12 

13.34 

13.55 

13.77 

32.4 

3987 

12.31 

12.40 

12.62 

12.83 

13.04 

13.25 

13.47 

13.69 

13.91 

32.6 

3995 

12,43 

12.54 

12.75 

12.96 

13.17 

13.38 

13.60 

13.82 

14.04 

32.8 

4002 

12.56 

12.67 

12.88 

13.09 

13.30 

13.51 

13.73 

13.95 

14.17 

33.0 

4010 

12.69 

12.79 

13.01 

13.22 

13.43 

13.64 

13.86 

14.09 

14.31 

33.2 

4018 

12.82 

12.92 

13.13 

13.35 

13.56 

13.78 

13.99 

14.22 

14.44 

33.4 

4025 

12.95 

13.05 

13.26 

13.48 

13.69 

13.91 

14.13 

14.35 

14.58 

33.6 

4033 

13,08 

13.18 

13.39 

13.61 

13.82 

14.04 

14.26 

14.48 

14.71 

33.8 

4040 

13.20 

13.30 

13.52 

13.74 

13.95 

14.17 

14.39 

14.62 

14.85 

34.0 

4048 

13.33 

13.43 

13.64 

13.86 

14.08 

14.30 

14.52 

14.75 

14.98 

34.2 

4056 

13.45 

13.56 

13.77 

13.99 

14.21 

14.43 

14.65 

14.88 

15.11 

34.4 

4063 

13.58 

13.68 

13.90 

14.12 

14.34 

14.57 

14.78 

15.01 

15.25 

34.6 

4071 

13.70 

13.81 

14.02 

14.25 

14.47 

14.70 

14.91 

15.14 

15.38 

34.8 

4078 

13.83 

13.94 

14.14 

14.37 

14.59 

14.83 

15.05 

15.28 

15.51 

35.0 

4086 

13.96 

14,06 

14,27 

14.50 

14.72 

14.96 

15.18 

15.41 

15.65 

35.2 

1 4094 

14.08 

14.19 

14.39 

14.62 

14.85 

15.09 

15.31 

15.54 

15.78 

35,4 

4101 

14.21 

14.31 

14.52 

14.75 

14.97 

15.22 

15.44 

15.67 

15.91 

35.6 

4109 

14.33 

14.44 

14.65 

14.87 

15.10 

15,34 

15.56 

15.80 

[ 6.05 

35,8 

4116 

14.46 

14.56 

14.78 

15.00 

15.23 

15.47 

15.69 

15.93 

16.18 

36.0 

4124 

14.58 

14.69 

| l 4.90 

15.13 

15.35 

15.59 

15.82 

16.06 

16.31 

36.2 

4131 

14.71 

14,81 

15.03 

15.25 

15,48 

15.72 

15.95 

16.19 

16.44 

36.4 

4139 

14.83 

14.94 

ilS.lG 

115.38 

15.61 

15.85 

16.08 

16.32 

16.56 

36 . 6 

4146 

14.96 

15.06 

115.28 

il 5.51 

15.73 

15.97 

16.21 

16.45 

16.69 

36.8 

4154 

15.08 

15.19 

15.41 

115.63 

15.86 

46.10 

10.34 

16.58 

16.82 

37.0 

4162 

15.20 

15.31 

15.53 

15.76 

15.99 

116.23 

16.47 

16.71 

10.95 

37,2 

4169 

15.33 

15.44 

15.66 

15.89 

16.11 

116.35 

16.60 

16.84 

17.08 

37.4 

4177 

15.45 

15.56 

15.79 

16.01 

16.24 

il 6.48 

16.72 

16.97 

17.21 

37 . 6 

4184 

15.57 

15.69 

15.91 

16.14 

16.37 

116.61 

16.85 

17.09 

17.34 

37.8 

4192 

15.70 

15.81 

16.04 

! i 6.26 

16.49 

: 16.73 

16.98 

17.22 

17.46 

38.0 

4199 

15.82 

15.94 

16.16 

16.39 

16.62 

I 

46.86 

17.11 

17.35 

17.59 

38.2 

4207 

15.94 

IG.OG 

16.29 

16.51 

16.75 

16.99 

17.23 

17.47 

17.72 

38.4 

4215 

16.07 

16.18 

16.41 

16.64 

16.87 

17.11 

17.36 

17.60 

17.85 

38.6 

4222 

10.19 

16.31 

16.53 

16.76 

17.00 

17.24 

17.48 

17.73 

17.97 

38.8 

4230 

16.31 

16.43 

16.66 

16.89 

17.13 

17.36 

17.61 

17.85 

18.10 

39.0 

4237 

16.44 

16.55 

16.78 

17.01 

17.25 

17.49 

il7.74 

17.98 

18.23 

39.2 

4245 

16.56 

16.67 

16.91 

17.14 

17.38 

17.62 

17.86 

18.11 

18.35 

39.4 

4252 

16.68 

16.80 

17.03 

17.26 

17.50 

17.74 

17.99 

18.23 

18.48 

39.6 

4260 

16.80 

16.92 

17.15 

17.39 

17.63 

17.87 

18.11 

18.36 

18.61 

39.8 

4267 

46,93 

17.04 

17.28 

17.51 

17.75 

17.99 

18.24 

18.48 

18.73 
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Alcohol table. — Continued. 


SC 4 LE 

RBADINQ 

DiDSX OP 
RBPRACTION 

17.5“ C. 

18“ C. 

19“ C. 

20“ C. 

21“ C. 

22“ C. 

23“ C. 

24“ C. 

25“ C. 

Per cent 
by 

vdume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per Cent 
by 

volume 

Per cent 
by 

vdume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

40.0 

1.34275 

17.05 

17.16 

17.40 

17.63 

17.88 

18.12 

18.36 

18,61 

18.86 

40.2 

4282 

, 17.17 

17.29 

17.52 

17.76 

18.00 

18.24 

18,49 

18.74 

18.99 

40.4 

4290 

il 7.29 

il 7.41 

17.64 

17.88 

18.12 

18.37 

18.61 

18.86 

19.11 

40.6 

4298 

17.41 

17.53 

17.77 

18.01 

18.25 

18.49 

18.74 

18.99 

19.24 

40.8 

4306 

17.54 

17.65 

17.89 

18.13 

18.37 

18.61 

18.86 

19.11 

19.37 

41.0 

4313 

17.66 

17.77 

18.01 

18.25 

18.49 

18.74 

18.99 

19.24 

19.49 

41.2 

4320 

17.78 

17.90 

18.13 

18.37 

18.62 

18.86 

19.11 

19.36 

19.62 

41.4 

4328 

17.90 

18.03 

18.26 

18.50 

18.74 

18.99 

19.24 

19.49 

19.75 

41.6 

4335 

18.02 

18.14 

18.38 

18.62 

18.86 

19.11 

19.36 

19.61 

19.87 

41.8 

4313 

18.14 

18.26 

18.50 

18.74 

18.99 

19.23 

19.48 

19.74 

20.00 

42.0 

4350 

18.27 

18.38 

18.62 

18.87 

19.11 

19.36 

19.61 

19.86 

20.13 

42.2 

4358 

18.39 

18.50 

18.74 

18.99 

19.23 

19.48 

19.73 

19.99 

20.25 

42.4 

4365 

18.51 

18.62 

18.87 

19.11 

19.36 

19.60 

19.86 

20.11 

20.38 

42.6 

4373 

18.63 

18.75 

18.99 

19.23 

19.48 

19.72 

19.98 

20.24 

20.50 

42.8 

4380 

18.75 

18.87 

19.11 

19.36 

19.60 

19.85 

20.10 

20.36 

20.63 

43.0 

4388 . 

18.87 

18.99 

19.23 

19.48 

19.72 

19.97 

20.23 

20.49 

20.75 

43.2 

4395 

18.99 

19.11 

19.35 

19.60 

19.85 

20.09 

20.35 

20.61 

20.88 

43.4 

1 4403 

19,11 

19.23 

19.47 

19.72 

19.97 

20.21 

20.47 

20.74 

21.01 

43.6 

4410 

19.23 

19.35 

19.59 

19.85 

20.09 

20.34 

20.60 

20.86 

21.13 

43.8 

4418 

19.35 

19.47 

19.72 

19.97 

20.21 

20.46 

20.72 

20.99 

21.25 

44.0 

4426 

19.46 

19.59 

19.84 

20.09 

20.34 

20.58 

20.84 

21.11 

21.38 

44.2 

4433 

19.58 

19.71 

19.96 

20.21 

20.46 

20.71 

20,96 

21.23 

21.50 

44.4 

1 4440 

19.70 

19.83 

20.08 

20.33 

20.58 

20.83 

21.09 

21.36 

21 .63 

44.6 

1 4448 

19.82 

19.95 

20.20 

20.45 

20.70 

20.95 

21.21 

! 21.48 

21.75 

44.8 

4456 

19.94 

20.07 

20.32 

20.58 

20.82 

21.07 

21.33 

21.60 

21.88 

45.0 

4463 

20.06 

20.18 

20.44 

20.70 

20.95 

21.19 

21.45 

i 21.73 

22.00 

45.2 

4470 

20.18 

20.30 

20.56 

20.82 

21.07 

21.31 

21.58 

21.85 

22.13 

45.4 

4478 

20.29 

20.42 

20.68 

20.94 

21.19 

21.43 

21.70 

21.98 

22.25 

45.6 

4480 

20.41 

20.54 

20.80 

21.06 

21.31 

| 21.55 

21.82 

22.10 

| 22.38 

45.8 

1 4493 

20 , 53 

20.66 

120.92 

21.18 

21.43 

121.67 

21.94 

22.23 

22.51 

46.0 

i 4500 

20 . 65 

20.78 

21.04 

21.30 

21.54 

21.79 

22.07 

22.35 

22.64 

46.2 

i 4508 

20.76 

, 20.89 

21.16 

21.42 

21.66 

21.91 

| 22.19 

22.48 

22.76 

40.4 

4516 

20 . 88 

21.01 ! 

21.28 

21 .54 

21.78 

22.03 

22.32 ! 

22.61 

22.89 

46.6 

1 4523 

21.00 

21.13 

21.40 

21.66 

21.90 

22.16 

22.44 

22.73 

23.02 

46.8 

4530 

21.12 

21.25 

21.52 

21.78 

22.02 

22.28 

22.57 

22.86 

23.15 

47.0 

4538 

21.24 

21.37 

21.64 

21.90 

22.15 

22.41 

22.69 

22.99 i 

23.28 

47.2 

4.545 

21 .36 

21.49 

21.76 

22.02 

22.27 

22.53 

22.82 

23.12 

23.41 

47.4 

4553 

21.48 

21.61 

21.88 

22.15 

22.39 

22.66 

22.94 

23.24 

23.54 

47.6 ^ 

4560 

21.60 

21 .73 

22,00 

22.27 

22.51 

22.78 

23.07 

23.37 

23.67 

47.8 

4568 

21.72 

21.85 

22.12 

22.39 

22.64 

22.91 

23.20 

23.50 

23.80 

48.0 

4575 

21.84 

21.97 

22.24 

22.51 

22.76 

23.03 

23.32 

23.63 

23.93 

48.2 1 

4583 ' 

21.96 1 

22.09 

22.36 

22.63 

22.88 

23 . 16 

23.45 

23.76 

24.06 

48.4 1 

4590 ' 

22.08 ' 

22.21 

22.48 

22.75 

23.01 

23.28 

23.58 

23.89 

24.19 

48.6 

4598 

22.20 

22,33 

22.60 

22.87 

23.13 

23.41 

23.71 

24.02 

24.32 

48.8 

4605 

22.32 

22.45 

22.72 

22.99 

23.26 

23.54 

23.83 

24.14 

24.45 
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scAu: 

BU.DIN0 


17.5® C. 

18® C. 

19® C. 

20® C. 

21® C. 

22® C. 

23® C. 

24® 0 . 1 

25® C. 

IITOEX or 
HBFIU.CTION 

Per cent 
by 

volume 

Per cent 

volume 

Per cent 
by 

volume 

Per cent 

volume 

Per cent 

volume 

Per cent 
by 

volnme 

Per cent 
by 

volume 

Per cent ! 

py 

volume 

Per cent 
by 

volume 

49.0 

1.34613 

22.44 

22.57 : 

22.84 

23.12 : 

23.38 : 

23.66 ^ 

23.96 

24.27 i 

24.59 

49.2 

4620 

22.56 

22.69 ; 

22.96 

23.24 ; 

23.51 ; 

23.79 ; 

24.09 

24.40 ' 

24.72 

49.4 

4628 

22.68 

22.81 : 

23.08 

23.36 : 

23.63 ; 

23.92 : 

24.22 

24.53 : 

24.85 

49.6 

4635 

22.80 

22.93 : 

23.21 

23.48 : 

23.76 ; 

24.04 : 

24.35 

24.66 $ 

24.98 

49.8 

4643 

22.92 

23.05 ; 

23.33 

23.61 ; 

23.88 : 

24.17 : 

24.48 

24.79 : 

25.11 

50.0 

4050 

23.04 

23.17 

23.45 

23.73 : 

24.01 

24.30 : 

24.61 

24.92 

25,25 

50.2 

4658 

23.16 

23,30 

23.57 

23.85 

24.13 

24,43 : 

24.74 

25.05 

25.38 

50.4 

4665 

23.28 

23.42 

23.69 

23,98 : 

24.26 

24.56 : 

24.86 

25.18 

25.51 

50.6 

4672 

23.40 

23.54 

23.81 

24.10 

24.38 

24.69 

24.99 

25.32 

25.65 

50.8 

4680 

23.51 

23.66 

23.93 

24.22 

24.51 

24.81 

25.12 

25.45 

25.78 

51.0 

4687 

23.63 

23.78 

24.05 

24.35 

24.64 

24.94 

25.25 

25.58 

25.91 

51.2 

4695 

23.75 

23.90 

24.18 

24.47 

24.76 

25.07 

25.38 

25.71 

26.05 

51.4 

4702 

23.87 

24.02 

24.30 

24.59 

24.89 

25.20 

25.51 

25.84 

26.18 

51.6 

4710 

23.99 

24.14 

24.42 

24.72 

25.01 

25.33 

25.64 

25.97 

26.32 

51.8 

4717 

24.11 

24.26 

24,54 

24.84 

25.14 

25.46 

25.77 

26.11 

26.45 

52.0 

4724 

24.23 

24.38 

24.66 

24.96 

25.27 

25.58 

25.90 

26.24 

26,59 

52.2 

4732 

24.36 

24.50 

24.79 

25.09 

25.39 

25.71 

26.03 

26.37 

26.72 

52.4 

4740 

24.48 

24.62 

24.91 

25.21 

25.52 

25.84 

26.16 

26.51 

26.86 

52.6 

4747 

24.60 

24.74 

25.03 

25.34 

25.65 

25,97 

26.29 

26.64 

26,99 

52.8 

4754 

24.72 

24.86 1 

25.15 

25.46 

j 

25.77 

26.10 

26,42 

26.77 

27.13 

53.0 

4762 

24.84 

24.98 

25.28 

' 25.59 

25.90 

26.23 

26.56 ' 

26,91 

27.27 

53.2 

4769 

24.96 

25.10 

25.40 

25.71 

26.03 

26.35 

26.69 

27.04 

27.40 

53.4 

4777 

25,08 

25.23 

25.52 

25.84 

26.15 

26.48 

26.82 

27.17 

27.54 

53.6 

4784 

25,20 

25.35 

25.65 

25.96 

26.28 

26.61 

26.95 

27.31 

27.67 

53.8 

4792 

25.32 

25.47 

25.77 

26.09 

26.41 

26.74 

27.08 

27.44 

27.81 

54.0 

4799 

25 . 44 

25.59 

25.90 

26.22 

26.54 

26.87 

27.21 

27.58 

27,95 

54.2 

4806 

25,56 

25.71 

26.02 

26.34 

26.67 

27.00 

27.35 

27.71 

28.08 

54.4 

4814 

25.68 

25.84 

26.14 

26,47 

26.79 

27.13 

27.48 

27.85 

28.22 

54.6 

4821 

25.81 

25.96 

26.27 

26.59 

26.92 

27.26 

27.61 

27.98 

28.36 

54,8 

4829 

25.93 

26.08 

26.39 

26.72 

27.05 

27.39 

27.75 

28.11 

28.49 

55.0 

4836 

26.05 

26.20 

26.52 

26.85 

27.18 

27.52 

27.88 

28.25 

28.63 

55.2 

4844 

26.17 

26.32 

26.64 

26.97 

27.31 

27.65 

28.01 

28.38 

28.77 

55.4 

4851 

26 . 29 

26.45 

26 . 76 

27.10 

27.43 

27.78 

28.15 

28.52 

28.90 

55.6 

4858 

26.41 

26.57 

26,89 

27.23 

27.55 

27.92 

28.28 

28 .65 

29.04 

55.8 

4866 

26.53 

26.69 

27.01 

27.35 

27.69 

28.05 

28.41 

28.78 

29.18 

56.0 

4873 

26.65 

26.81 

27.14 

27.48 

27.82 

28.18 

28.54 

28.92 

29.31 

56.2 

4880 

26.78 

26.93 

27.26 

27.60 

27.94 

28.31 

28.68 

29.05 

29.45 

56.4 

4888 

26 ^0 

27.05 

27.38 

27.73 

28.07 

28.44 

28,81 

29.19 

29.58 

56.6 

4895 

27.02 

27.18 

27.51 

27.85 

28.20 

28.56 

28.94 

29.32 

29.72 

56.8 

4903 

27.14 

27.30 

27.63 

27.98 

28.33 

28.69 

29.07 

29.46 

29.86 

57.0 

4910 

27.26 

27.42 

27.75 

28.10 

28.46 

28.82 

29.20 

29.59 

29.99 

57.2 

4918 

27.38 

27.54 

27.88 

28.23 

28.59 

28.95 

29.34 

29.73 

30.13 

57.4 

4925 

27.50 

27.66 

28.00 

28.35 

28,72 

29.08 

29.47 

29.86 

30.27 

57.6 

4932 

27.62 

27.79 

28.13 

28.48 

28.85 

29.21 

29.60 

30.00 

30.41 

57.8 

4940 

27.75 

27.91 

28.25 

28.60 

28.97 

29.34 

29.73 

30.14 

30.55 
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Alcohol table, — Contiaued. 


SCAU! 

HsAoma 

INDUS OP 
BBPIUCTION 

17.5'’ C. 

18“ C. 

19= C. 

20'“ C, 

21= C. 

22“ C. 

23“ C. 

24“ C. 

25“ C. 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

58.0 

1.34947 

27.87 

28.03 

28.38 

28.73 

29.10 

29.47 

29.87 

30.27 

30.69 

58.2 

4954 

27.99 

28.15 

28.50 

28.86 

29.23 

29.60 

29.99 

30.41 

30.83 

68.4 

4962 

28.11 

28.28 

28.62 

28.98 

29.36 

29.73 

30.13 

30.54 

30.97 

58.6 

4969 

28.23 

28.40 

28.75 

29.11 

29.48 

29.86 

30.26 

30.68 

31.11 

58.8 

4977 

28.35 

28.52 

28.88 

29.23 

29.61 

29.99 

30.40 

30.82 

31.25 

59.0 

4984 

28.47 

28.64 

29.00 

29.36 

29.74 

30.13 

30.53 

30.95 

31.40 

59.2 

4991 

28.59 

28.77 

29.12 

29.49 

29,87 

30.26 

30.67 

31.09 

31.54 

59.4 

4999 

28.71 

28.89 

29.25 

29.61 

29.99 

30.39 

30.81 

31.23 

31.68 

59.6 

5006 

28.84 

29.01 

29.37 

29.74 

30.13 

30.53 

30.94 

31.38 

31.83 

59.8 

5014 

28.96 

29.13 

29.50 

29.87 

30,26 

30.66 

31.08 

31.52 

31.97 

60.0 

5021 

29.08 

29.26 

29.62 

29.99 

30.39 

30.79 

31.22 

31.66 

32.12 

60.2 

5028 

29.20 

29.38 

29.74 

30.12 

30.52 

30.93 

31.36 

31.80 

32.27 

60.4 

5036 

29.32 

29.50 

29.87 

30.25 

30.65 

31.06 

31.50 

31.94 

32.41 

60.6 

5043 

29.45 

29.63 

29.99 

30.38 

30.78 

31 .20 

31.64 

32.09 

32.56 

60.8 

5050 

29.57 

29.75 

30 . 12 

30.51 

30.91 

31.33 

31.78 

32.23 

32.71 

61.0 

5058 

29.69 

29.87 

30.25 

30.64 

31.05 

31.47 

31.92 

32,38 

32.86 

61.2 

5065 

29.81 

29.99 

30.38 

30.77 

31.18 

31 .61 

32.06 

32.52 

33.01 

61. 4 

5073 

29.93 

30.12 

30.50 

30.90 

31.32 

31.74 

32.20 

32.67 

33.16 

61.6 

5080 

30.06 

30.25 

30.63 

31.03 

31.45 

31,88 

32.34 

32.81 

33.31 

61.8 

5087 

30.18 

30.37 

30.76 

31.16 

31.59 

32,01 

32.49 

32,96 

33.46 

62.0 

5095 

30.31 

30.50 

30.89 

31.29 

31.72 

32.16 

32.63 

33.10 

33.60 

62.2 1 

5102 

30.43 

30.63 

31.01 

31.43 

31.86 

132.30 

32,77 

33.25 

33.75 

62.4 

5110 

30.56 

30.75 

31.14 

31.56 

31.99 

132.44 

32.91 

33.40 

33.90 

62.6 i 

5117 

130.69 

30.88 

31.28 

31.69 

32.13 

32.58 

33.06 

33.55 

34.05 

62.8 

5124 

30.81 ! 

! 

31.01 1 

, 31.41 1 

31,83 ' 

132.27 

32.72 

33.20 

33.70 

34.21 

63.0 

i 5132 : 

130.94 

31.14 , 

31.54 

31,96 

32.41 

32.87 

33.35 

33.84 

34.36 

63.2 

5139 

31.06 

31.26 ! 

31.67 1 

32.10 ^ 

32.55 

133.01 ' 

33,50 

33.99 

34.52 

63.4 

5146 

31.19 

31.39 

! 31 .80 

32.23 

132.69 , 

133.15 

33.64 

34.15 

34.67 

63.6 

5154 

31.32 

31.52 

31.93 

32.37 1 

32.83 ! 

33.30 1 

, 33 . 79 

34.30 

34.83 

63.8 

5161 

31.45 

31.65 

32.07 

32.51 

32.97 

133.44 

133.93 

34 . 45 

34.98 

64.0 

5168 

31.58 

31.78 

32.20 

32.65 

33.11 ' 

133.59 

134.08 

34,61 

35.15 

64.2 

5176 

31.70 

31.91 

32.34 

32.79 

i 33.25 

| 33.73 

| 34.23 

34.76 

35.31 

64.4 

5183 

31.83 

32.04 

32.47 

32.92 

33.39 

33.88 

34.39 

34.92 

35.48 

64.6 

5190 

31.96 

32.17 

32.60 

33.06 

33.53 

, 34.02 

i 34.54 

35.07 

35.64 

64.8 

•5198 

32.09 

32.30 

32.74 

33.20 

33.67 

34.17 

34.69 

35.23 

35.80 

65.0 

5205 

32.22 

32.43 

32.87 1 

33.34 

33.82 

, 34,32 

| 34.84 

35.39 

, 35.97 

65.2 

5212 

32.35 

32.57 

33.01 

33.48 

33.96 

34.47 

34.99 

35.55 

36.13 

65.4 i 

5220 

32.48 

32.70 

33.15 

33.62 

34.10 

34.61 

^ 5.15 

35.71 

36.30 

65.6 I 

5227 

32.61 

32.83 

33.28 

33.76 

34.25 

34.76 

35.30 

35.87 

36.46 

65.8 I 

5234 

32.75 

32.96 

33.42 

33.90 

34.40 

34.91 

35,46 

36.02 

36.63 

66.0 

5242 

32.88 

33.10 

33.56 

34.04 

34.54 

35.06 

35.62 

36.19 

36.79 

66.2 

5249 

33.01 

33.23 

33.70 

34.18 

34.69 

35.22 

; 35 . 77 

36.35 

36.96 

66.4 

5256 

33.14 

33.37 

33.84 

34.33 

34.84 

35.38 

35.93 

36,52 

37.13 

66.6 

5264 

33.28 

33.51 

33.98 

34.47 

34.99 

35.53 

36.09 

36.68 

137.30 

66.8 

5271 

33.41 

33.65 

34.12 

34.62 

35.14 

35.69 

136.25 

136.84 

37.48 
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BCAL® 

READINQ 

INDEX OP 
RBPKACTION 

c. 

18° C. 

19° C. 

20° C. 

21° C. 

22° C. 

23° C. 

24° C. 

25° a 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 

voluine 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

voluine 

67.0 

1 .35278 

33.55 

33.79 

34.26 

34.76 

35.29 

35.84 

36.41 

37.01 

37.65 

67.2 

5286 

33.69 

33.92 

34.41 

34.91 

35.44 

36.00 

36.57 

37.18 

37.83 

67.4 

5293 

33.82 

34.06 

34.55 

35.05 

35.60 

36.16 

36.73 

37.35 

38.00 

67.6 

5300 

33.96 

34.20 

34.69 

35.20 

35.75 

36.32 

36.90 

37.52 

38.18 

67.8 

5308 

34.09 

34.34 

34.84 

35.35 

35.90 

36.48 

37.06 

37.69 

38.35 

68.0 

5315 

34.23 

34.48 

34.98 

35.50 

36.05 

36.63 

37.23 

37.86 

38.53 

68.2 

5322 

34.36 

34.62 

35.13 

35.65 

36.21 

36,79 

37.39 

38.03 

38.70 

68.4 

5329 

34.50 

34,76 

35.27 

35.80 

36.37 

36.95 

37.56 

38.21 

38.88 

68.6 

5337 

34.64 

34 . 90 

35.42 

35.95 

36.52 

37.12 

37.73 

38.38 

39.06 

68.8 

5344 

34.77 

35.04 

35.57 

36.10 

36.68 

37.28 

37.90 

38.56 

39.24 

69.0 

5351 

34.91 

35.19 

35,71 

36.25 

36.84 

37.45 

38.07 

38.73 

39.43 

69.2 

5359 

35.04 

35.33 

35.86 

36.41 

36.99 

37.61 

38.24 

38.90 

39.61 

69.4 

5366 

35.19 

35.47 

36.01 

36.56 

37.15 

37.78 

38.41 

39.08 

39.80 

69.6 

5373 

35.34 

35.62 

36 , 16 

36.72 

37.32 

37.94 

38.58 

39.26 

39.98 

69.8 

5381 

35.49 

35.76 

36.31 

36.87 

37.48 

38.11 

38.75 

39.45 

40.17 

70.0 

5388 

35.64 

35.91 

36.46 

37.02 

37.64 

38.28 

38.92 

39.63 

40.35 

70.2 

5395 

35.78 

36.05 

36.61 

37.19 

37.80 ' 

38,45 . 

39.10 

39.81 

40.53 

70.4 

5402 

35.93 

36.20 

36.76 

37.35 

37.97 

38.61 

39.28 

39.99 

40.72 

70.6 

5410 

36.08 

36 . 35 

36.92 

37.51 

38.13 

38.78 

39.46 

40.17 

40.90 

70.8 

5417 

36.23 

36.50 

37.07 

37.67 

38.30 

38.95 

39.64 

40.35 

41.08 

71.0 

5424 

36.38 

36.65 

37.23 

37,83 

38.47 

39.12 

39.82 

40.54 

41.27 

71.2 

5432 

36.53 

36.80 

37.39 

37.99 

38.63 

39,30 

40.00 

40.72 

40.46 

71.4 

5439 

36.68 

36.95 

37.55 

38.16 

38.80 

39.48 

40.18 

40.90 ! 

41.64 

71.6 

5446 

36.83 

37.11 

37.71 

38 . 32 

38.97 

39.65 i 

40.36 

41.08 1 

41.83 

71.8 

5454 

36.98 ; 

37.27 

37.87 

38.49 

39.14 

39.83 : 

140 . 54 

41.27 ; 

42.02 

72.0 

5461 

37.13 

37.42 

38.02 

38.65 

39.31 

10.01 

40.72 

41.45 

42.21 

72.2 

5468 

37.29 

37.58 

38,19 

38.82 

39.49 

40.18 

40 . 90 

41,64 

42.40 

72.4 

5475 

37.44 

37 . 73 

38 . 35 

38.98 

39.66 

40.36 

41.08 

41.82 ! 

42.58 

72.6 

5483 

37.60 

37.89 

38.51 

39.16 

39.83 

' 40.54 

41 .26 

42.01 

42.77 

72.8 

5490 1 

37.75 

38.05 

38.67 

39.33 

40.01 

40,71 

41.45 

12.19 

42.96 

73.0 

5497 

' 37.91 

38.21 

38.84 

39.50 

40.18 

40.88 

11,63 

42.38 

43.15 

73.2 

; 5504 

138.06 

38.37 

39.00 1 

39.67 

40.36 

41.06 

41.81 

42.56 

43.33 

73.4 

5512 

38.22 

38.53 

39.17 

39.84 

40.53 

41.24 

41.99 

42.75 

43.52 

73.6 

5519 

38.38 

138.69 

39.34 

40.02 

10 . 70 

41.42 

42.17 

42.93 

43.70 

73.8 

5526 

38.54 

' 38.85 

39.50 

40.19 

40.88 

41 .60 

42,36 

43.12 

43.89 

74.0 

5533 

38.70 

39.01 

39.67 

40.36 

41.05 

41.78 

42,54 

43.31 

44.08 

74.2 

5541 

38.86 

139.18 

39.84 

140.53 

41.23 

11.96 

42.72 

43.49 

44.28 

74.4 

5548 

39.02 

39.34 

40.01 

' 40.71 

41.41 

42.15 

42,91 

43.68 

44.48 

74.6 

5555 

39.18 

39.51 

40.18 

40.88 

41.59 

42.33 

43.09 

43,86 

44.67 

74.8 

5563 

39.35 

39.68 

40.35 

41.05 

41.77 

42.51 

43.28 

44.05 

44.87 

75.0 

5570 

39.51 

39.84 

40.53 

41.23 

41.95 

42.70 

43.46 

44.26 

45,07 

75.2 

5577 

39.68 

40.01 

40 . 70 

41 .41 

42.13 

42.88 

43.65 

44.44 

45.29 

75.4 

5584 

39.84 

40.18 

40.87 

41.58 

42.31 

43.07 

43.83 

44.63 

45.50 

75.6 

5592 

40.01 

40.35 

41,04 

41.76 

42.49 

43.25 

44.02 

44.83 

45.71 

75.8 

5599 

40.18 

40.53 

41,22 

41.94 

42.67 

43.44 

44.21 

45.03 

45.92 
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Alcohol table. — Concluded. 


SCALK 

aHADlKQ 

INDEX OX 1 
REFBACTION 

1 

17.5“ C. 1 

18“ C. 

19“ C. 

20“ C. 

21“ C. 

22 “ a 

23“ C. 

24“ C. 

25“ C. 

Per cent 

Toluma 

Per cent 
by 1 
volume 

Per cent 
by 

Tommfi 

Per cent 
by 

volume 1 

Per cent 
by i 
volume 1 

Per cent 
by ! 
volume 1 

Per cent 
by 

volume 

Per cent 
by 

volume 

Per cent 
by 

volume 

76.0 

1.35606 

40.35 

40.70 

41 .40 

42.12 ' 

42.85 

43.63 

44.41 

45.24 

46.12 

76.2 

5613 

40.53 

40.87 

41.57 

42.30 

43.04 

43.81 

44.60 

45.44 

46.34 

76.4 

5621 

40.70 

41.04 

41.75 ! 

42.48 i 

43.22 1 

44.00 

44.80 

45.65 

46.56 

76.6 

5628 

40.87 

41.22 

41.92 . 

42.66 ' 

43.41 

44.19 ■ 

44.99 

45.86 

46.78 

76.8 

5635 

41.04 

41.39 

42.10 

42.84 

43.60 

44.38 

45.19 

46.07 

47.00 

77.0 

5642 

41.22 

41.57 

42.28 

43.02 

43.79 , 

44.57 

45.40 

46.29 

47.23 

77.2 : 

5650 

41.39 

41.74 

42.46 

43.20 

43.97 ! 

44.76 ! 

45.60 

46.51 ! 

47.45 

77.4 

5657 

41.57 

41.91 

42.63 

43.39 

44.16 ! 

44.95 ' 

45.81 i 

46.73 

47.68 

77.6 1 

5664 

41.75 

42.09 

42.81 

43.57 

44.35 1 

45.15 1 

46.01 i 

46.95 1 

47.91 

77.8 

5671 

41.92 

42 . 26 

42.99 

43.76 

44.54 

45.35 

46.23 

47.17 

48.14 

78.0 

5678 

42.09 

42.43 

43.17 

43.94 

44.73 1 

45.56 

46.45 ! 

47.40 * 

48.37 

78.2 : 

5686 

42,26 

42.61 

43.36 ! 

44.13 ' 

44.92 

45.76 

46.67 

47.63 

48.60 

78.4 j 

5693 

42.44 

42.78 

43.54 1 

44.32 1 

45.12 1 

45.96 ^ 

46.89 ' 

47.85 

48.84 

78.6 

5700 

42.61 

42.96 

43.72 

44.51 

45.32 

46.17 

47.11 

48.08 

49.07 

78.8 

5707 

42.78 

43.14 

43.91 

44.70 

45.52 1 

46.39 , 

47.34 

48.31 

49.31 

79.0 

5715 

42.95 

43.32 

44.09 

44.89 

45.72 

46.61 

47.56 

48.53 

49.54 

79.2 1 

5722 

43.13 

43.50 

44.28 

45.08 1 

45.92 1 

46.83 1 

47.79 1 

48.76 ' 

49.77 

79.4 ' 

5729 

43.31 

43.68 

44.47 

45.28 ■ 

46.13 

47.04 

48.01 

48.99 

50,01 

79.6 

5736 

43.49 

43.86 

44.65 

45.48 

46.34 

47.26 

48.23 

49.22 

50.24 

79.8 

5744 

43.67 

44.05 

44.84 

45.68 1 

46.56 1 

47.48 ' 

48.46 

49.45 ' 

50.48 

80.0 

5751 

43.85 

44,24 

45.04 

45.88 

4G.77 ^ 

47.70 

48.68 

49.68 

50.71 
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Percentages hy weight, corresponding to various percentages by volume at 21 
15.56°C,{60''F.) in mixtures of ethyl alcohol and water. ^ 


PER CENT ALCOHOL 

PER CENT ALCOHOL 


PER CENT ALCOHOL 

PER CENT ALCOHOL 


BY VOLUME AT 

60° F, 

HT WEIGHT 

WPPEUBNCiSB 

B? VOLUME AT 

60® F. 

BY WEIGHT 

DIFFERENCES 

0 

0,000 


50 

42.487 


1 

0.795 

0.795 

51 

43.428 

0.941 

2 

1.593 

.798 

52 

44.374 

.946 

3 

2.392 

.799 

53 

45.326 

.952 

4 

3.194 

.802 

54 

46,283 

.957 



.804 



.962 

5 

3.998 


55 

47.245 


fi 

4.804 

.806 

56 

48.214 

.969 

7 

6.612 

.808 

57 

49.187 

.973 

8 

6.422 

.810 

58 

50.167 

.980 

9 

7.234 

.812 

59 

51.154 

.987 



.813 



.993 

10 

8.047 


60 

52.147 


11 

8.862 

.815 

61 

53.146 

.999 

12 

9.679 

.817 

62 

54.152 

1.000 

13 

10.497 

.818 

63 

55.165 

1.013 

14 

11.317 

.820 

64 

56.184 

1.019 



.821 



1.024 

15 

12.138 


; 65 

57.208 


16 

12.961 

.823 

i 66 

58.241 

1.033 

17 

13.786 

.825 

i 67 

59.279 

1.038 

18 

14.612 

.826 

68 

60.325 

1.046 

19 

15.440 

.828 

69 

61.379 

1.054 



i .829 



1.062 

20 

10.269 


i 70 

: 62.441 


21 

17.100 

.831 

1 71 

63.511 

, 1.070 

22 

17.933 

.833 

! 72 

64.588 

1.077 

23 

18.768 i 

.835 

! 73 

65.674 

1.086 

24 

19.004 

.836 i 

i 74 

66.768 

1,094 



! .830 1 



1.102 

25 

20 . 443 


75 

67.870 


26 

21.285 

.842 

76 

68.982 

1.112 

27 

22.127 

.842 

1 77 

70.102 

1.120 

28 

22.973 

.846 

1 78 

71 .234 

1.132 

29 

23.820 

.847 

1 79 

72.375 

1.141 



.850 



1.151 

30 

24.670 


80 

73.526 


31 

25.524 

.854 

i 81 

74.686 

1.160 

32 

26.382 

.858 

i! 82 

75.858 

1.172 

33 

27.242 

.800 

83 

77.039 

1.181 

34 

28.104 

.802 

84 

78.233 

1.194 



.867 



1.208 

35 

28.971 


1 85 

79.441 


30 

29,842 

.871 

86 

80.662 

1.221 

37 

30.717 

.875 

: 87 

81.897 

1.235 

38 

31.596 

.879 

88 

83.144 

1.247 

39 

32,478 

.882 

i 89 

84.408 

1.264 



.886 



1.281 

40 

33.364 


90 

85.689 


41 

34.254 

.890 

91 

86.989 

1.300 

42 

35.150 

.896 

92 

88.310 

1.321 

43 

36.050 

.900 

93 

89.652 

1.342 

44 

36.955 

.905 

94 

91.025 

1.373 



.910 



1,398 

45 

37.865 


95 

92.423 


46 

38.778 

.913 

96 

93.851 

1.428 

47 

39.697 

.919 

97 

95.315 

1.464 

48 

40.622 

.925 

98 

96.820 

1.505 

49 

41.551 

.929 

99 

98.381 

1.561 


.936 



1.619 

50 

42 . 487 


100 

100.000 
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METHODS OF ANALTSIg 


22 For determining added abater in milk hy means of the freezing-point depression 
{based on Winter^ s tabk^). 

(For practical purposes tlie added water results may be expressed to the^nearcst decimal.) 


niEELINQ 
POINT OF 

sample, relow 
zero C . 

ADDED WATER, 

PER CE.ST ht 
VOLUME 

FREEZING 
POINT OF 
SAMPLE, BELOW 
ZERO C . 

o.srio 

0.00 

0.505 

.549 

0.18 

.504 

.548 

0.36 

.503 

.547 

0.54 

.502 

.546 

0.73 

.501 

.545 

0.91 

.500 

.544 

1 ,09 

.499 

.543 

1.27 

.498 

.542 

1 ,45 

.497 

.641 

1.63 

.496 

.540 

1.82 

.495 

.539 

2.00 

.494 

.538 

2.18 

.493 

.537 

2,36 

1 ,492 

.536 

2,54 

.401 

.535 

2.72 

.490 

.534 

2.91 

.489 

.533 1 

3.09 

.488 

,532 

3,27 

,487 

,531 

3.45 

.486 

.530 1 

3.64 

.485 

.529 

1 3.82 

.484 

.528 

i 4.00 

.483 

.527 1 

1 4.18 

.482 

.526 

! 4.36 i 

.481 

.525 

4.54 . 

.480 

.524 

4.73 1 

.479 

.523 

4.91 

.478 

.522 

5.09 

.477 

.521 

5.27 : 

.476 

.520 

5.45 

,475 

.519 

5,63 

.474 

.518 

6.82 ; 

.473 

.517 

6.00 

.472 

.510 1 

6.18 j 

.471 

.515 ^ 

6.36 1 

.470 

.514 

6.54 ; 

.469 

.513 j 

6.73 

.468 

.512 i 

6.91 

.467 

.511 1 

7.09 

.466 

.510 

7.27 

.465 

.509 i 

7.45 

.464 

.508 

7,64 

.463 

.507 1 

7.82 

.462 

.506 

8.00 

.461 


ADDED WATEII, 
l‘EH CENT BY 
VOLUME 

FREEZING 

POINT OF 
SAMPLE, &ELOW 
ZERO C . 

ABUED WATER, 
PER CENT BY 
VOLUME 

8.18 

0.460 

16.36 

8.36 

.459 

16.54 

8.54 

.458 

16.73 

8,73 

.457 

16.91 

8.91 

.456 

17.09 

9.09 

.455 

17.27 

9.27 

.454 

17.45 

9.45 

.453 

17.64 

9,64 

.452 

17.82 

9.82 

.451 

18.00 

10.00 

.450 

18.18 

10.18 

.449 

18.36 

10.36 

.448 

18.54 

10.54 

.447 

18.73 

10.72 

. 446 

18.91 

10.91 

.445 

19.09 

11.09 

.444 

19.27 

11.27 

.443 

19.45 

11.45 

.442 

19.64 

11.64 

,441 

19.82 

11 .82 

,440 

20.00 

12.00 

.439 

20.18 

12.18 

.438 

20.36 

12.36 

.437 

20.54 

12.54 

.436 

20.73 

12.73 

.435 

i 20.91 

12.91 

.434 

21.09 

13.09 

.433 

21.27 

13,27 

.432 i 

21.45 

13.45 

.431 

21,64 

13.64 

.430 

21.82 

13,82 

.429 

22.00 

14.00 

.428 

22.18 

14.18 

.427 

22.36 

14.37 

.426 

22.54 

14.54 

.425 

22.73 

14.73 

.424 

22.91 

14.91 

.423 

23.09 

15.09 

.422 

23.27 

15.27 

.421 

23.45 

15.45 

.420 

23.64 

15.63 

.419 

23.82 

15.82 

.418 

24.00 

16.00 

.417 

24.18 

16.18 

.416 

24.36 


‘ Chem. Newt, 110 , 283 ( 1914 ). 
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For determining added water in milk hy means of the freezing-point depression 22 
{based on Winter’s table). — Concluded. 


rRUSJING 
POINT OP 
SAMPLE, BELOW 
ZERO C. 

ADDED WATER, 

PER CENT BT i 

VOLUME 

PREEEINa 
POINT OP 
3AMPLE, BELOW 
ZERO C. 

0.415 

24.54 

0.390 

.414 

24.73 

.389 

.413 

24.91 

.388 

.412 

25.09 

.387 

.411 

25.27 

.386 

.410 

25.45 

.385 

.409 

25.64 

.384 

.408 

25.82 

.383 

.407 

26.00 

.382 

.406 i 

26.18 

.381 

.405 

26.36 

.380 

.404 

26.54 

.379 

.403 

26.73 

.378 

.402 

26.91 

.377 

.401 

27.09 

.376 

.400 

27.27 

.375 

.399 

27.45 

.374 

.398 

27.64 

.373 

.397 

27.82 

.372 

.396 

28.00 

.371 

.395 

28.18 

.370 

.394 

28,36 

.369 

.393 

28.54 

1 .368 

.392 

28,73 

.367 

.391 

28.91 

.366 


ADDED WATER, 

PER C®NT BT 
VOLUME 

PREEZIN6 

POINT OP 
SAMPLE, BELOW 
ZERO C. 

ADDED WATER, 
PER CENT BY 
VOLUME 

29.09 

0.365 

33.64 

29.27 

.364 

33.82 

29.45 

.363 

34.00 

29.64 

.362 

34.18 

29.82 

,361 

34.30 

30.00 

.360 

34.54 

30.18 

.359 

34.73 

30.36 

,358 

34.91 

30.54 

.357 

35.09 

30.73 

.356 

35.27 

30.91 

.355 

35.45 

31.09 

.354 

35.64 

31.27 

.353 

35.82 

31.45 

,352 

36.00 

31.64 

.351 

36.18 

31.82 

32.00 

32.18 

32.36 

32.54 

' 32.73 

32.91 
33.09 
33.27 
33.45 

.350 

36.36 
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METHODS OF ANALYSIS 


23 Density of carbon dioxide (Parr).^ 

(Weight in milUgrams of ! cc of carbon diojride at 70 0-770 mm pressure and 1 0-30® C. Corrected for aqueous vapor and barom* 
eter readings on glass scale. Calculated from 1.976 equals weight of liter of COi at 0°C.|760 mm pressure and 41° latitude.) 


nun. 

10° 

11° 

12° 

13° 

14° 

15° 

16° 

17° 

18° 

19° 

700 

1.7288 

1.7201 

1.7113 

1.7020 

1.6927 

1.6863 

1.6799 

1.6716 

1.6632 

1.6547 

702 

.7338 

.7252 

,7164 

.7072 

.6980 

.6914 

.6848 

.6765 

.6680 

.6595 

704 

.7388 

.7302 

.7215 

.7124 

.7033 

.6965 

.6897 

.6813 

.6729 

.6644 

706 

.7438 

.7353 

.7266 

.7176 

.7086 

.7016 

.6946 

.6862 

.6778 

.6692 

708 

.7488 

.7403 

.7317 

.7228 

.7139 

.7067 

.6995 

.6911 

.6826 

.6741 

710 

.7538 

.7453 

.7368 

.7280 

.7192 

.7118 

.7044 

.6960 

.6874 

.6789 

712 

.7588 

.7504 

.7419 

.7332 

.7245 

.7169 

.7092 

,7008 

.6922 

.6837 

714 

.7638 

.7555 

.7470 

.7384 

.7298 

.7220 

.7141 

.7057 

.0970 

.6886 

716 

.7688 

.7605 

.7521 

.7436 

.7351 

.7271 

.7190 

.7106 

.7019 

.69,34 

718 

.7738 

.7656 

.7572 

.7488 

.7404 

.7322 

.7239 

.7154 

,7068 

.6983 

720 

.7788 

.7706 

.7623 

.7540 

.7457 

.7373 

.7288 

.7203 

.7117 

.7031 

722 

.7838 

.7756 

.7673 

.7590 

.7500 

.7422 

.7337 

.7252 

.7106 

.7079 

724 

.7888 

.7806 

.7723 

.7639 

,7555 

.7471 

.7386 

.7301 

.7215 

.7128 

726 

.7938 

.7856 

,7773 

.7689 

.7605 

.7520 

.7435 

. 7349 

.7263 

.7176 

728 

.7988 

.7905 

.7822 

.7738 

.7654 

.7569 

,7484 

.7398 

.7312 

.7225 

730 

.8038 

.7955 

,7872 

.7788 

.7703 

.7618 

,7533 

.7447 

.7360 

.7273 

732 

.8089 

.8005 

,7931 

.7837 

.7752 

.7667 

.7582 

.7496 

-7409 

-7321 

734 

.8139 , 

.8055 

.7971 

,7887 

.7802 

.7717 

.7631 

1 .7545 

.7458 : 

.7370 

736 

.8189 1 

.8105 

.8021 

.7936 

.7851 

.7766 

.7680 

1 .7593 

.7506 1 

.7418 

738 

.8239 ' 

.8155 

.8071 

.7986 

.7901 

.7815 

.7729 

1 .7642 

.7555 ! 

.7467 

740 

.8288 

.8204 

.8120 ' 

.8035 

.7950 

.7864 

.7778 

.7691 

.7603 

.7515 

742 

.8338 

.8254 

.8170 

.8085 

.7999 

.7913 

.7827 

.7740 ■ 

.7652 

.7564 

744 

.8388- 

.8304 

.8219 1 

.8134 

.8048 ^ 

.7962 

.7875 

,7788 

.7700 ! 

.7612 

746 ! 

.8439 

.8354 

.8269 1 

.8184 

.8098 

.8011 

.7924 

1 .7837 

.7749 ‘ 

.7661 

748 1 

1 .8489 

.8404 

.8319 1 

.8233 

.8147 1 

.8060 

.7973 

,7886 

,7798 1 

.7709 

750 ! 

.8539 

.8454 

.8368 ' 

,8282 

.8196 1 

.8109 

.8022 

.7934 

.7846 ! 

.7757 

752 

.8589 

.8504 

! .8418 

,8332 

.8246 

.8159 

.8072 

1 .7984 

.7895 

.7806 

754 

1 .8639 

.8554 

1 .8468 

.8382 

.8295 

.8208 

.8120 

1 .80,32 

.7944 ! 

.7854 

756 

.8689 

.8603 

.8517 1 

.8431 

.8344 1 

.8257 

.8169 1 

.8081 1 

.7992 1 

.7902 

758 

.8739 

.8653 

.8567 ' 

.8481 

.8394 ' 

.8306 

,8218 1 

.8130 

.8041 

.7951 

760 

! .8789 

.8703 

.8617 

.85.30 

.8443 

.8355 1 

,8267 ^ 

.8178 

.8089 

.7999 

762 

i .8839 

,8753 

1 

.8667 

.8580 

,8492 

.8404 

.8316 

.8237 

.8138 

.8048 

764 

.8890 

.8803 

; .8716 ! 

.8629 

.8541 

.8453 

.8363 

.8276 

.8187 

.8096 

766 

.8940 

.8853 

.8766 i 

.8679 

.8591 

.8503 

.8414 

.8325 

.8235 

.8144 

768 

.8990 

. 8903 

1 .8816 

.8723 

1 .8640 

.8552 

.8463 

.8374 

.8284 

.8193 

770 

.9040 

.8953 

.8865 

,8777 

1 .8689 

.8601 

.8512 

.8422 

.8332 

.8241 


1 J. Am. Chem. Soc., SI, 237 (1909). Tie values of 700-718 mm, have been calculated by formula given 
by Parr. 
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Density of carbon dioxide (Parr). — Concluded. 23 


20 “ 

! 21 “ 

22 “ 

23 “ 

24 “ 

25 “ 

26 “ 

27 “ 

28 “ 1 

29 “ 

30 “ 

nun . 

1 . M 62 

1.6370 

1 1.6278 

1.6195 

1.0112 

1.6021 

1.5930 

' 1.5837 

1.5744 : 

1.5649 

' 1.5554 

700 

,6510 

.6419 

1 .6327 

.6243 

.6100 

.6068 

.5977 

.5884 

.5791 i 

.6696 

.5600 

702 

.6558 

.6467 

.6376 

.6292 

.6207 

.6116 

.6025 

.6931 

.5838 1 

,6742 

.5647 

704 

.6607 

.6518 

1 .6425 

.6340 

. .6254 

.6163 

.6072 

.5979 

.5885 

.5789 

.5693 

706 

,6655 

.6564 

.6474 

.6388 

.6302 

.6211 

.6119 

.6026 

.5932 

.5836 

.5740 

708 

.6703 

.6613 

.6522 

.6436 

.6350 

.6258 

.6166 

.6073 

.5978 

.5882 

.5786 

710 

.6751 

.6662 

.6571 

.6485 

.6397 

.0305 

.6214 

.6120 , 

.0025 

.5929 

.5832 1 

712 

.6799 

,6710 1 

,6620 

.65 33 

.0444 

.6353 

.6261 

.6167 j 

.6072 

.5976 

.5879 1 

714 

.6848 

.6759 

.6670 i 

.6581 

.6492 

1 .6400 

.6308 

.6215 

.6119 

.6023 

.6925 

716 

.6896 

,6807 

.6718 ; 

.6629 

.6640 

1 .6448 

.6356 

.6262 

.6166 

.6069 , 

.6972 

718 

.0944 

.6856 

.6767 

.6678 

.6687 

■ .0495 

.6403 

.6309 

.6213 

.6116 

.6018 

720 

.6992 

.0904 

.6815 

,0726 

. 66 ^ 

.0543 

.6450 

.6350 

.0260 

.6163 

.6065 

722 

.7041 

.6953 

. 086.3 

.6773 1 

.6682 

,6590 

! .6497 

.0403 1 

.6307 

.6210 1 

.6111 

724 

.7089 

.7001 

.6911 

.6821 1 

.6730 1 

,6638 

.6544 

.0450 1 

,6354 

.6256 1 

.6157 , 

726 

.7137 

.7049 

.6959 

.6869 

.6778 

,6685 

.6591 : 

.6497 

.6401 

.6303 

.6204 

728 

.7185 

.7097 

,7007 

.6917 

.6825 

,6732 

.6638 1 

.5544 j 

.6448 

.6350 

.6251 

730 

.7233 

.7145 

, 7055 

.6964 

.6872 

,6779 

.6685 , 

.6591 

.6494 

.6390 

.6297 

732 

.7282 

.7193 

,7103 

.7012 

.6920 

.6827 

.6733 

.6038 

.6541 

.6443 : 

.6343 

734 

.7330 

.7241 

,7151 

.7000 

.6968 

,6875 

.6780 

.6085 

.6588 

.6490 i 

,6390 

736 

.7378 

.7289 

.7199 

.7107 

.7015 

.6922 

■ .6827 

.6732 

.6635 

.6537 

.6437 

738 

.7420 

.7337 

.7247 

.7155 

.7063 

,6969 

.6874 

.6778 

.6681 

.6683 

.6483 

740 

. 747.5 

. 7,385 

.7295 

.7203 

.7111 

.7017 

■ .6922 

-.6826 

.6729 

.6630 ' 

.6530 

742 

.7523 

.7433 

. 7342 

.7250 

.7158 

.7064 

.6969 

.6873 

.6776 

.6677 

.6577 

744 

. 7.571 

.7481 

.7390 

.7298 

.7206 

.7112 i 

.7016 i 

.6920 

.6822 

.6723 

.6023 

746 

.7619 

.7529 

.7438 

.7346 

.7253 

.7159 1 

.7063 i 

.6967 

.6869 

.6770 ; 

,6670 

748 

.7667 

.7577 

.7486 

.7394 

.7301 

.7206 

.7110 

.7014 

.6916 

.6817 

.6716 

750 

.7716 

.7625 

. 7534 

.7441 , 

.7348 

.7254 

.7158 

.7001 

.6963 

.6864 

.6763 

, 752 

.7764 

.7673 

',7582 

.7489 

.7396 

.7301 , 

.7205 

.7108 

.7010 

.6910 

.6809 

754 

.7812 

.7721 

.7630 

.7537 

.7443 

.7348 ; 

.7253 

.7155 

.7057 

.6957 

.6850 

756 

.7861 

.7770 

. 7678 

.7585 , 

.7491 

.7396 1 

.7300 1 

.7202 

.7104 

.7004 

.6903 

758 

.7909 

.7818 

..7725 

.7032 

.7538 

.7443 

.7347 

.7249 

.7150 

.7050 

. .6949 

760 

.7957 

,7806 

.7773 

.7080 

. 7.586 , 

.7490 

.7394 

.7290 

.7197 

.7097 

.6996 

762 

.8005 

.7914 

,7821 

.7728 

.7633 

. 75,38 

.7441 

.7343 

,7244 

.7144 

.7042 

764 

.8053 

.7962 

.7869 

.7776 

.7681 , 

.7585 

.7488 

.7390 

.7291 

.7191 

.7089 

766 

.8102 

.8010 

.7917 

.7823 

.7728 

.7633 

.7535 

.7437 

.7338 

.7237 

.7135 

768 

.8150 

.8058 

.7965 

.7871 

.7776 

.7680 

.7582 

.7484 

.7385 

.7284 

.7182 

770 
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METHODS OF ANALYSIS 


24 Correction factors for the gasometric determination of carbon dioxide} 

(Baaed on sam^e weighing 1.7000 gramsO 


“C. 

15.0“ 

15.5“ 

16,0“ 

16.5“ 

17.0“ 

17.5“ 

18.0“ 

18.5“ 


mm. 

700 

0.99194 

0.99006 

0.98818 

0.98573 

0.98329 

0.93062 

0.97835 

0.97585 

vneftM 

27.56 

702 

.99494 

.99300 

.99106 

.98862 

.98618 

.98368 

.98118 

.97868 

27.64 

704 

.99794 

.99544 

.99394 

.99147 

.98900 

.98653 

.98406 

.98156 

27.72 

706 

1.00094 

.99886 

.99682 

.99435 

.99188 

.98941 

.98694 

.98406 

27.80 

708 

.00394 

1.00183 

.99971 

.99723 

.99476 

.99226 

.98976 

.98726 

27.87 

710 

.00694 

.00477 

1.00259 

1,00012 

.99765 

.99512 

.99259 

.99009 

27.95 

712 

.00994 

.00767 

.00541 

.00294 

1.00047 

.99795 

.99541 

.99291 

28.03 

714 

.01294 

.01061 

.00829 

.00582 

.0033.5 

1.00080 

.99824 

.99576 

28.11 

716 

.01594 

. 01356 

.01118 

.00871 

.00624 

.00368 

1.00112 

.99861 

28.19 

718 

.01894 

.01650 

.01406 

.01156 

.00906 

.00653 

.00400 

1.00150 

28.27 

720 

.02194 

.01949 

.01694 

.01444 

.01194 

.00941 

.00688 

,00435 

28.35 

722 

.02482 

.02232 

.01982 

.01732 

.01483 

.01229 

.00976 

.00720 

28.43 

724 

i .02771 

.02521 

1 .02271 

.02021 

1 .01771 

1 .01518 

, .01265 

.01009 

1 28.50 

726 

, .03059 

.02809 

1 .02559 

.02306 

.02053 

1 .01800 

.01574 

.01291 

1 28.58 

728 

i .03347 

.03097 

1 .02847 

.02594 

1 .0234] 

1 .02088 

i .01835 

.01580 

1 23.66 

730 

.03635 

.03385 

.03135 

.02882 

.02629 

.02374 

.02118 

.01862 

28.74 

732 

.03924 

.03674 

.03424 

.03171 

.02918 

.02662 

.02406 

: .02147 

28.82 

734 

.04218 

.03915 

.03712 

.03459 

.03206 

.02950 

.02694 

, .02435 

28.90 

736 

.04506 

.04253 

.04000 

.03744 

.03488 

.03232 

.02976 

1 .02718 ' 

28.98 

738 1 

.04794 

.04541 

.04288 

.04037 1 

.03776 

.03521 

.03265 1 

.03006 1 

29.06 

740 

.05082 

.04829 

.04576 

.04321 

.04065 

.03806 

.03547 ' 

.03288 

29. 13 

742 

.05371 ' 

.05118 ' 

.04865 1 

.04609 

.04353 

.04094 

.03835 

.03577 

29.21 

744 

.05659 

.05403 

.05147 

.04991 

.04635 

.04377 

.04118 

,03859 

29.29 

746 

.05947 

,05691 

.05435 ' 

.05180 

.04924 

.04665 

.04406 

.04147 

29.37 

743 

.06235 

.05929 

.05724 

.05418 

, 05212 

.04953 

.04694 

.04433 

29.45 

750 

.06524 

.06218 

.06012 

.05748 

.05494 

.05235 

.04976 

,04715 

29.53 

752 

.06818 

.06512 

.06306 

.06047 

,05788 

.05527 

.05265 

.05003 

29.61 

754 

.07106 

.06847 

.06588 

.06330 

.06071 

.05812 

.05553 

.05289 

29.69 

756 

.07304 

.07135 

.06876 

.06618 

.06359 

.06197 

.05835 

.05571 

29.76 

758 

.07682 

.07423 

.07165 

.06906 

.06647 

.06386 

.06124 

.05859 

29.84 

760 

.07971 

.07712 

.07453 

.07191 

.06929 

.06668 

■06406 

.06141 

29.92 

762 

,08259 

.08050 

.07741 

.07480 

.07218 

.06956 

.06694 

.06430 

30.00 

764 

.08.547 

.08288 

.08029 

.07768 

.07506 

.07244 

.06982 

.06715 

30.08 

766 

.08841 

.08580 

.08318 

.08056 

.07794 

.07530 

.07265 

.06997 

30.18 

768 

.09129 

.08868 

.08606 

.08344 

.08082 

.07818 

.07553 

.07285 

30.24 

770 

.09418 

.09156 

.08894 

.08630 

.08365 

.08100 

.07835 

.07567 

30.31 

“F, 

69.0“ 

59.9“ 

60.8“ 

61.7“ 

62.6“ 

63.5“ 

64.4“ 

65.3“ 



1 Calculated from 1.976 “weight of 1 liter COi at 0‘’C.,760 mm pressure and 41“ latitude. Formula given 
S. W. Parr, J. Am. Chem. Soc., 31: 237 (1909). 
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XLII 


Correction factors for the gasometric determination of carbon dioxide. — Continued. 24 


“C, 

19.0“ 

19,5“ 

20.0“ 

20.6“ 

21.0“ 

21.5“ 

22.0“ 

22.5“ 


tnm. 

700 

0.97335 

0.97085 

0,96835 

0.96564 

0.96294 

0.96023 

0.95753 

0.95509 

inches 

27.56 

702 

.97618 

.97368 

.97118 

.96850 

.96582 

,9631! 

.96041 

.95794 

37.64 

704 

.97906 

.97653 

.97400 

,97133 

.96865 

.96597 

.96329 

.96082 

27.72 

706 

.98188 

.97938 

.97688 

.974 20 

.97153 

.96888 

.96624 

.96371 

27.80 

708 

.98476 

.98224 

.97971 

.97703 

. 97435 

.97173 

.96912 

.96656 

27.87 

710 

.98759 

.98506 

.98253 

.97988 

. 97724 

.97459 

.97195 

,96938 

27.95 

712 

.99041 

.98788 

,98535 

,98273 

.98012 

.97747 

,97483 

.97227 

28.03 

714 

.99.329 

.99073 

.68813 

.98556 

.98294 

.98032 

.97771 

.97512 

28.11 

716 

.99612 

.99358 

.99106 

.98844 

.98582 

.98323 

.98065 

.97800 

28.19 

718 

' .99900 

.99644 

i .99388 

,99130 

.9886.5 

. 98606 

.98348 

.98083 

' 28.27 

720 

1,00182 

.09925 

.99671 

.99412 

.99153 

.98894 

.98636 1 

1 .98371 

28.35 

722 

.00465 

1.00209 

.99953 , 

.99694 

.99435 i 

,99176 

.98913 

.98633 , 

28.43 

724 i 

,00753 

.00497 

1,00241 1 

.99983 , 

.99734 1 

.99462 , 

.99200 : 

.98932 1 

28.50 

726 

,01035 

.00779 

.00524 

1.00265 

1.00006 

.99746 

.99483 

.99215 

28.58 

728 

.01324 : 

.01065 

.00806 

.00547 

.00288 

1.00027 

.99765 

.99497 

28.66 

730 

.01606 

.01347 

.01088 

. 00829 

.00571 

.00306 

1,00041 

.99781 

28,74 

732 

.01888 

.01629 

,01371 

.01112 

.00853 

.00588 

.00324 

1.00056 

28.82 

734 

.02176 

,01910 

,01659 

.01497 

.01135 

.00870 

.00606 

.00338 

28.90 

736 

.02459 

.02200 

.01941 

,01679 

.01418 

.01153 

.00888 

.00620 

28.98 

738 

.02747 

.02486 

.02224 

.01962 

.01700 

.01435 

.01171 

.00900 

29.06 

740 

.03029 

.02768 

.02506 

.03244 

.61982 

.01717 

.01453 

.01182 

29.13 

742 

.03318 

.03056 

.02794 

.02529 

.02365 

.02000 

.01735 

.01464 

29.21 

744 

.03600 

.03333 

.03076 

.02811 

.02547 

.02279 

.02212 

.01752 

29.29 

746 

.03883 

.03624 

.03359 

.03094 

.02829 

.02561 

.02294 

.02024 

29.37 

748 

.04171 

.03906 

.03641 

.03376 

.03112 

.02844 

.02576 

.02306 

29.45 

750 

.04453 

.04189 

.03924 

.63659 

.03394 

.03126 

.02859 

.02589 

29.53 

752 

.04741 

.04477 

.04212 

.03944 

.03676 

.03408 

.03141 

.02868 

29.61 

754 

.05024 

.04759 

.04494 

.04226 

.03959 

.03691 

,03424 

.03150 

29,69 

756 

.05306 

.05041 

.04776 

.04508 

.04241 

.03973 

.03706 

,03433 

29.76 

7SB 

.05594 

.05330 

.05065 

,04797 

.04529 

.04259 

.03988 

.03715 

29.84 

760 

.05876 

.05612 

.05347 

.05079 

.04812 

.04539 

.04265 

.03992 

29.92 

762 

.06165 

.05897 

,05620 

.05361 

.05094 

.04821 

,04547 

.04274 

30.00 

764 

.06447 

.06179 

.05912 

.66644 

.05376 

.05ia3 

.04829 

.04556 

30.08 

766 

.06729 

.06462 

.06194 

.65926 

.05659 

.05386 

.05112 

.04839 

30.16 

768 

.07018 

.06750 

.06482 

.06212 

.05941 

.65668 

,05394 

.05118 

30.24 

770 

.07300 

.07032 

.06765 

.66424 

.06324 

.65950 

.05676 

.05400 

30.31 

<'F. 

66.2“ 

67.1“ 

68.0“ 

68.9“ 

69.8“ 

70.7“ 

71.6“ 

72.5“ 
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METHODS OP ANALYSIS 


24 Correction factors for the gasometric determination of carbon dioxide. — Continued. 



23 . 0 “ 

23 . 5 “ 

24 , 0 “ 

24 . 5 “ 

25 . 0 “ 

25 . 5 “ 

26 , 0 “ 

26 . 5 " 


mm . 

700 

0.95265 

0.95020 

0,94776 

0,94508 

0.94241 

0.93973 

0.93706 

0.93432 

iniAea 

27.56 

702 

.95547 

.95303 

.95059 

.94788 

,94518 

. 9-4250 

.93982 

.93708 

27.64 

704 

.95835 

.95585 

.95335 

.95067 

.94800 

.94532 

.94265 

.93988 

27.72 

708 

.96118 

.95865 

. 95612 

.95344 

.95076 

.94808 

.94541 

.94267 

27,80 

708 

.96400 

.96147 

.95894 

.95626 

.95359 

.95088 

.94818 

.94544 

27.87 

710 

.96682 

.96429 

.96176 

.95905 

,95635 

.95364 

.95094 

.94820 

27.95 

712 

.96971 

.96712 

.96453 

.96182 

.95912 

.95644 

.95376 

.95100 

28.03 

714 

. 972.53 

.96991 

.96729 

.96461 

.96194 

.95923 

,95653 

.95376 

28.11 

716 

.97535 

.97273 

.97012 

.96741 

.96471 

.96200 

.95929 

.95655 

28.19 

718 

.97818 

.07556 

.97294 

.97023 

.96753 

.96482 

.96212 ^ 

.95935 

28.27 

720 

.08106 

.07838 

.97571 

.97300 

,97029 

.96758 

.96488 

,96213 

28.35 

722 

.98388 ' 

.98120 

.97853 

,97582 1 

.97312 ' 

.97038 

.96765 

.96488 1 

28.43 

724 

. 9866.5 

. 98.397 

.98129 

.97858 ^ 

.97588 

.97314 

.97041 

.96764 

28.50 

726 

.98947 j 

.98670 1 

.98412 

.98141 

.97871 1 

.97594 ' 

.973 1 8 

.97041 ! 

28.58 

728 

.99229 

.98961 

.98694 

. 98420 

.98147 

.97870 

.97594 

.97319 

28,66 

730 

.99512 

,99241 1 

.98971 1 

.98697 

1 .98424 

.98147 ' 

.97871 

.97594 1 

28.74 

732 

.99788 

1 .99517 

.99247 1 

.98973 

: .98700 

.98423 ' 

,98147 

.97871 

28.82 

734 

1.00071 

.99799 

.99529 

.99255 

.98982 

.98705 

.98429 

. 9816,5 

28.90 

73 G 

1 . 00.353 

1.00083 

1 .99812 

. 99.538 

1 .99265 

.98985 

.98706 

.98426 

28.98 

738 

.00629 

.00359 

1.00088 

.99815 

.99541 

.99261 

.98982 

.98703 

29.06 

740 

i .00912 

.00643 

.00371 

1,00095 

, .99818 

.99538 

. 99259 

.98976 

29.13 

742 

.01194 

.00923 

,00653 

.00377 

1,00100 

' .90820 

,99541 

' .99258 

29.21 

744 

.01471 

.01200 

.00929 

I .00643 

.00376 

1,00097 

.99818 

1 .99535 

29.29 

746 

.01753 

.01482 

.01212 

.00936 

.00659 

.00376 

1.00094 

.99809 

29.37 

748 

.02035 

.01702 

.01488 

i .01212 

.00935 

.00653 

.00371 

i 1.00088 

29.45 

750 

.02318 

.02045 

.01771 

.01493 

.01212 

.00936 

: .00659 

.00370 

. 29.53 

753 

.02594 

.02321 

.02047 

.01771 

.01494 

.01211 

.00929 

.00644 

29.61 

754 

.02876 

.02603 

.02329 

.02050 

.01771 

.01483 

.01206 

.00921 

29.69 

756 

.03159 

.02883 

.02606 

.02526 

.02047 

.01764 

.01482 

.01197 

29.78 

758 

.03441 

.03165 

.02888 

. 02608 

.02329 

.02047 

.01765 

.01477 

29.84 

760 

.03718 

.03443 

,03165 

.02886 

.02606 

.02323 

.02041 

.01753 

29.92 

763 

.04000 

.03724 

.03447 

.03164 

.02382 

.02600 

.02318 

.02030 

30.00 

764 

.04282 

.04003 

.03723 

.03444 

.03165 

.02880 

.02594 

,02306 

. 30.08 

766 

.04565 

.04285 

.04005 

.03723 

.03441 

.03156 

.02871 

. 02583 

30.10 

768 

.04841 

.04562 

.04282 

.01003 

.03724 

.03435 

.03147 

.02859 

30.24 

770 

.05123 

,04844 

.04564 

.04282 

.04000 

.03712 

.03424 

.03136 

30.31 

“ F . 

73 . 4 “ 

74 .: 3 “ 

75 . 2 “ 

76 , 1 “ 

77 . 0 “ 

77 . 9 “ 

78 . 8 “ 

79 . 7 “ 
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XLII 


Correction factors for the gasometric determination of carbon dioxide. — Continued. 24 


®c. 

27.0° 

27.5° 

28.0°( 

f28.5° 

29.0° 

29,5° 

30.0° 

30.5° 


TOO* 

0.93159 

0.92885 

0.92612 

0.92332 

0.92053 

0.01773 

0.91494 

0.91203 

inches 

27.66 

702 

.93435 

.93161 

.92888 

.92608 

.92329 

.92047 

.91765 

.91476 

27,64 

704 

.93712 

.93438 

.93165 

.92882 

.92600 

.92320 

.92041 

.91750 

27.72 

706 

.93994 

.93717 

.93441 

.93158 

.92876 

.92594 

,92312 

.92024 

27.80 

708 

.94271 

.93994 

.93718 

.93435 

.93153 

. 92870 

. 92588 

.92297 

27.87 

710 

,94547 

.94267 

.93988 

.93706 

.93424 

.93141 

.92859 

.92567 

27.95 

712 

.94824 

.94544 

.942(55 

.93982 

.93700 

.93414 

.93129 

.92841 

28.03 

714 

.95100 

.94820 

.94541 

.94258 

.03 976 

,93691 

' .93406 

.93115 

28.11 

716 

.95382 

.95100 

.94818 

.94535 

.94253 

.93964 

.93676 

.93388 

28.19 

718 

.95659 

.95376 

.95094 

.94809 

.94524 

.94238 

.939,53 

. 93662 

28.27 

720 

.95939 

, 9.5655 

.95371 

.95085 

.04800 

.94612 

.94224 

.93932 

28., 35 

722 

.96212 

.95929 

.95647 

,95361 

.9507(1 

.94788 

.94500 

.94209 

28.43 

724 

.90488 

.90206 

.95924 

.9.5638 

.9.5353 

. 95062 

1 .94771 

.94479 

28.50 

72(1 

.96765 

.90482 

.96200 

.95912 

. 95624 

.95332 

.95041 

.94750 

26.58 

728 

.97041 

. 967,58 

.96476 

.96188 

.95900 

1 .95609 

.95318 

.95026 

28.66 

730 

.97318 

' .97030 

.90753 

. 96464 

.96176 

i .95885 

.95594 

.95300 

28.74 

732 

.97594 

.97309 

.97024 

i .96735 

.96447 

.96156 

.95865 

.95578 

28.82 

734 

.97871 

.97585 

,97300 

.97012 

' .96724 : 

.96429 

.96135 i 

.95844 

28.90 

736 

.98147 

.97861 

.97576 

.97288 

.97000 ! 

.96706 

.96412 I 

.96118 . 

28.98 

738 

.98424 

.98138 

.97853 

.97564 

.97276 1 

.96982 

.96688 I 

.96394 . 

29.06 

740 

,98694 

.98409 

.98124 

.97835 

! .97547 

.97253 

.96959 

. 96665 . 

29.13 

742 

.98976 

.98691 

.98406 

.98115 

.97824 

.97529 

.97235 . 

.96941 

29.21 

744 

.99253 

.98967 

.98682 : 

.98391 

.98100 

.97806 

.97512 . 

.97215 . 

29.29, 

746 

.99529 

.99241 

.98953 

.98662 

.98371 

.98076 

.97782 . 

. 97485 

29.37 

748 

.99806 

.99517 

.99229 

.98938 

.98647 

.98353 

.98059 . 

.97762 

29.45 

750 

1.00082 

.99796 

.99506 

.99215 

.98924 

.98626 

.98329 . 

. 98032 

29.53. 

752 

.00359 

1.00071 

.99782 

.99491 

. 99200 

.98903 

.98606 

.98306 

29.61 

754 

.00635 

.00342 

1.00059 

.99738 

.99471 

.99173 

.98876 

.98579 

. 29.69. 

756 

.00912 

.00624 

.00335 

1.00041 

.99747 

. 994.50 

.991,53 , 

. 988.53 

^ 29.76. 

758. 

.01188 

.00900 

.00612 

.00318 

1.00024 

.99724 

.99429 

; 991 29 

' 29.84. 

760 

.01465 

.01174 

,00882 

.00588 

.00294 

.99995 

.99700 

; 99400 

; 29.92. 

762 

.01741 

.01156 

.01159 

.00805 

.00571 

1.00274 

.99976 

.99673 

30.00 

764 

.02018 

.01727 

.01435 

.01141 

.00847 

.00547 

1.00247 

.99948 . 

30.08 

766 

.02294 

.02003 

.01712 

.01418 

.01124 

, , 00824 

. .00524 

1.00221 . 

30.15 

768 

.02571 

. 02280 

.01988 

.01611 

.01394 

..01094 

. .00794 

.00491 

30.24 

770 

.02847 

.02556 

.02265 

.01968 

.01671 

.01371 

. ,01071 

.00768 

30.31 

op 

80.6° 

81.5° 

82.4° 

83., 3° 

84.2° 

85,1° 

86.0° 

86.9° 
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METHODS OP ANALYSIS 


24 Correction factors for the gasometric determination of carbon dioxide. — Concluded. 


“C. 

31.0® 

31.5® 

32.0® 

32.5® 

33.0® 

33.5® 

34.0® 

34.5" 

35.0" 


mm. 

700 

0.90912 

0.90620 

0.90329 

0.90082 

0.89735 

0.89432 

0.89129 

0.88821 

0.88512 

ificAe* 

27.56 

702 

.91188 

.90894 

.90600 

.90303 

.90006 

.89703 

.89400 

.89091 

>88782 

27.64 

704 

.91459 

.91165 

.90871 

.90576 

.90282 

.89976 

.89671 

.89362 

.89053 

27.72 

706 

.91735 

.91441 

,91147 

.90847 

.90547 

.90241 

.89935 

.80627 

.89318 

27.80 

708 

.92006 

.91712 

.91418 

.91118 

.90818 

.90512 

.90206 

.89897 

.89568 

27.87 

710 

.92276 

.91982 

.91688 

.91388 

.91088 

.90782 

.99476 

.90168 

.89859 

27.95 

712 

.92553 

.92256 

.91959 

.91659 

.91359 

.91053 

.90747 

.90438 

.90129 

28.03 

714 

.92824 

.92529 

.92235 

.91932 

.91629 

.91323 

.91018 

.90706 

.90394 

28.11 

716 

.93100 

.92803 

.92506 

.92203 

.91900 

.91594 

.91288 

.90976 

.90665 

28.19 

718 

.93371 

.93078 

.92776 

.92474 

.92171 

.91865 

.91559 

.91247 

.90935 

28.27 

720 

.93641 

.93344 

.93047 

.92744 

.92441 

.92135 

.91829 

.91517 

.91206 

28.35 

722 

.93918 

.93618 

.93318 

.03015 

.92712 

.92412 

.02100 

.91785 

.91471 

28.43 

724 

.9418^ 

.93897 

.93606 

.93294 

.92983 

.92678 

.92371 

.92056 

.91741 

28.50 

726 

.94459 

.94159 

.93859 

.93656 

.93253 

.92944 

.92635 

.92323 

.92012 

28.58 

728 

.94735 

.94435 

.94135 

.93830 

.93544 

.93215 

.92906 

.92591 

.92276 

28.66 

730 

.95006 

.94706 

.94406 

.94103 

.93600 

.93488 

.93176 

.92861 

.92547 

28.74 

732 

.95282 

.94979 

.94676 

.94373 

.94071 

.93759 

.93447 

.93132 

.92819 

28.82 

734 

.95553 

.95250 

.94947 

.94644 

.94341 

.94034 

.93718 

.93403 

.93088 

28.90 

736 ! 

.95824 1 

.95521 ! 

.95218 

.94915 

, .94612 

.94300 ' 

.93988 1 

.93670 

.93353 

28.98 

738 

.96100 1 

.95797 

.95494 

.95188 

1 .94882 

1 .94570 

1 .94259 : 

.93941 

.93624 

1 29.06 

740 

.96371 

.96068 

, .95765 

.95459 

.95153 

.94841 

.94529 

.94211 

.93894 

, 29.13 

742 * 

.96647 

.96341 ' 

.96035 

1 .95730 

1 .95424 

.95112 

1 .04800 ^ 

.94482 

.94165 

29.21 

744 

1 .96918 

.96615 

.96313 

1 .96003 

1 .95694 

.95382 

1 .95071 

1 .94750 

.94429 

1 29.29 

746 

i .97188 

.96885 

.96582 

.96273 

.95965 

' .95653 

.95341 

.95020 

.94700 

29.37 

748 

j .97465 

.97159 

.96853 

.96644 

.96235 

1 .95925 

.95606 

.95288 

.94971 

29.45 

750 

1 .97735 

.97429 

.97124 

1 .96815 

1 .96506 

1 .96191 

i .95876 

1 .95558 

.95241 

! 29.53 

752 

! .98006 

.97703 

.97400 

.97088 

.96778 

.96461 

.96147 

.95826 

i .95506 

29.61 

754 

.98282 

.97976 

.97671 

.97359 

.97047 

.96732 

.96418 

.96097 

1 .95776 

29.69 

756 

.98553 

.98247 

.97941 

.97629 

.97318 

.97003 

.06688 

,96367 

.96047 

29.76 

758 

.98829 

.98521 

.98212 

.97900 

.97588 

.97273 

.96959 

.96638 

.96318 

29.84 

760 

.99100 

.98794 

.98488 

, .98176 

j .97865 

.97547 

1 .97229 

j .96908 

.96588 

29,92 

762 

.99371 

.99065 1 

,98759 

.98443 

: .98135 

1 .97817 1 

.97500 

.97176 

.96853 

30.00 

764 

.99647 

.99338 

.99029 

.98717 

.98406 

: .98083 1 

i .97771 

.97447 

.97124 

30.08 

766 

.99918 ! 

.99609 

.99300 

.98988 

.98676 

1 .98356 ! 

1 .98035 

.97714 

.97394 

1 30.16 

768 

1.00188 1 

.99880 

.99571 

.99259 

.98947 

.98629 ! 

.98312 ' 

,97986 ' 

.97659 

30.24 

770 

.00465 

1.00156 

.99847 

.995.32 

.99218 

.98897 

.98576 

.98252 

.97929 

30.31 

"F. 

87.8® 

88.7® 

89.6® i 

90.5® 

91.4® 

92.3® 

93.2® 

94.1® 

95,0® 



680 



APPENDIX 1. STANDARD SOLUTIONS— TENTATIVE 

SODIUM HYDROXIDEi 

1 APPARATUS 

The buret and pipet used should be Bureau of Standards calibrated or sliould be 
calibrated by the analyst. Automatic burets should have all exits to the air pro- 
tected from (yOj contamination by suitable guard tubes containing soda-lime. All 
containers should be of alkali-resisting glass. 

2 RKAGUNTS 

(a) Carbonaie-free HiO . — Prepare by one of the following methods: (1) Boil dis- 
tilled HjO 20 min. and cool with soda-lime protection; (2) bubble air, freed from 
COj by passing thru a tow^er of soda-lime, thru distilled H^O for 12 hours. 

(b) 1+1 alkali . — To one part of NaOH (reagent quality containing less than 
5% NajCOs) in a flask add one part of distilled H2O and swirl until solution is com- 
plete. Close with a rubber stopper. Set aside until NajCOs has settled, leaving a 
perfectly clear liquid (about 10 days). 

(c) Potassium acid phthalate, — U. S, Bureau of Standards Sample Standard for 
Acidimetry. Dry for 2 hours at 120°. Cool in a desiccator containing II2SO4. 

(d) Phejiolphtkalein indicator. — 1,0 g in 100 cc of 95% alcohol. 


3 PREPAKATION" OP STANDARD SOLUTION 

The following table gives the approximate amount of 1+1 'alkali necessary to 
make 10 liters of standard soln: 


Approx, normalitii 

0.01 

0.02 

0.10 

0.50 

1.0 


1+1 alkali to be diluted to 10 liters (cc) 
5.4 
10.8 

54.0 

270.0 

540.0 


Add the required amount of 1 +1 alkali to 10 liters of COs-free H2O. Check the 
normality, which should be slightly strong, as directed under 4, and adjust to de- 
sired strength by the following formula: Vi=ViXN2/Ni, where N2 and Vj repre- 
sent the normality and volume of stock soln, respectively, and \'i the volume to 
which the stock soln should be diluted to obtain the desired normality, Ni. Deter- 
mine the exact strength of the final soln as directed under 4. 


4 


STAND.ABDIZATION^ 


Accurately weigh sufficient dried acid potassium phthalatc to titrate approxi- 
mately 40 oc and transfer to a 300 cc flask that has been swept free from CO2. Add 
50 cc of cool (^02-free H^O. Stopper the flask and swirl gently until the sample is 
dissolved. Add 8 drops of the phenolphthaleiu indicator and titrate with the soln 


that is being standardized. 
Calculate the normality (A' 

N = 


) of the standard soln by the following formula: 
g potassium acid phthalate 
NaOH X 201 . 136/1000 ' 


(The normality value is exact only when phenolphlhalein is used as an indicator. 


) 
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METHODS OF ANALYSIS 


HYDROCHLORIC ACID 

S PREPARATION OP STANDARD SOLUTIONS 

The following table gives the approximate amount of HCl (reagent quality, 35- 
37% HCl) necessary to make 10 liters of standard solna: 

Approx. nor7nality HCl to diluted to 10 liters (oc) 

0.01 8.9 

0.02 17.8 

0.10 89.0 

0.50 445.0 

1.0 890.0 


6 STANDARDIZ.^TION 

Titrate 40 cc against a standard alkali soln of approximately the same strength 
as the acid being standardized as directed under 4, using phenoLphthalein as an 
indicator, 2(d). Determine the normality by the following formula: 

cc standard alkali Xnormality of alkali 
' = ccll(^~ 

If stronger than desired, dilute the sola to a definite normality value by the 
following formula: 


N: and Vj represent the normality and volume of stock soln, respectively, and Vi 
represents the volume to which the stock soln should be diluted to obtain the de- 
sired normality, Ni. 

Check the exact strength of the final soln by titration as flirectetl above. The 
normality will be exact only if the same indicator is used in a determination and in 
the standardization. 

If the standard acid soln is to be used with methyl orange as an indicator, deter- 
mine a correction for the volume of acid required to pass from the end point of 
phenolphthalein to that of methyl orange. Add^ 3 drops of a 1% soln of phenol- 
phthalein to 100 cc of COj-free 1120, and then add sufficient alkali soln to give an 
end point with phenolphthalein. Disregard the quantity of alkali soln added and 
take the buret readings from this point. Add 3 drops of a 0.02% soln of methyl 
orange and sufficient 0.1 iV acid to produce the pink color of methyl orange. Titrate 
back with 0.1 N alkali soln to the same end point taken in the usual titration (pref- 
erably pH ==4.2). Buffered solns of 3.8, 4.0, and 4.2 pH are useful in accurately de- 
termining the methyl orange end point. They may be prepared as follows:* 

pH = 3.8, 2.041 g KH phthalate -1-5.26 cc 0.1 N HCl. Dilute to 200 cc. 
pH = 4.0, 2.041 g KH phthalate+0.80 cc 0.1 iV NaOH. Dilute to 200 ec. 
pH = 4.2, 2.041 g KH phthalate -h7. 40 cc 0.1 N NaOH. Dilute to 200 cc. 

If the acid and alkali solns are equivalent, the quantity of acid— the quantity 
of alkali soln = the quantity of acid required to pass from the phenolphthalein end 
point to that of methyl orange. 

SELECTED REFERENCES 

* J. Assoc. Official Agr. Chem., 19, 107 (1936). 

* Clark, Determination of Hydrogen Ions, 2nd ed., p. 106 (1922). 



APPENDIX 2. DEFINITIONS OF TERMS AND INTERPRETATIONS OF RE- 
SULTS ON FERTILIZERS AND LIMING MATERIALS 

DEFINITIONS 

ACIDULATED FISH TANKAGE, ACIDULATED FISH SCRAP 

Acidulated fish tankage, acidulated fish scrap, is the rendered product derived from 
hsh and treated with sulfuric acid (adopted 1930). 

ACTIVATED SEWAGE PRODUCTS 

Activated sewage products are those made from sewage freed from grit and coarse 
solids and aerated after being inoculated with microorganisms. The resulting floccu- 
lated organic matter is withdrawn from the tanks, filtered with or without the aid 
of coagulants, dried, ground, and screened (adopted 1930). 

AGRICULTURAL LIMING MATERIAL 

Agricultural liming material is material whose calcium and magnesium content 
is capable of neutralizing soil acidity (adopted 1935). 

AIR-SLAKED LIME 

Air-slaked lime is the product obtained by exposing quicklime or hydrated lime 
to the atmosphere until partly carbonated (adopted 1931, withdrawn for amend- 
ment, 1935). 

AMMONIATED SUPERPHOSPHATE 

Ammoniated superphosphate is a product containing superphosphate and/or dis- 
solved bone and nitrogenous compounds, but without the addition of potash 
(adopted 1930). 

ANALYSIS 

The word analysis, as applied to fertilizers, shall designate the percentage com- 
position of the product expressed in terms of nitrogen, phosphoric acid, and potash 
in their various forms (adopted 1926). 

ASHES FROM LEACHED WOOD 

Ashes from leached wood are unleached ashes resulting from burning wood that 
has been exposed to or digested in water or other liquid solvent, as in the extraction 
of dyes, so that a part of the plant food has been dissolved and removed (adopted 
1926). i 

AVAILABLE PHOSPHORIC ACID 

Available phosphoric acid is the sum of the water-soluble and the citrate-soluble 
phosphoric acid (adopted 1931). 

"BASIC* LIME PHOSPHATE 

** Basic" lime phosphate {lime-based superphosphate) is a superphosphate to which 
liming materials have been added in a quantity at least six per cent (6%) calcium 
carbonate equivalents in excess of the quantity required to convert all water-soluble 
phosphate to the citrate-soluble form (adopted 1934). 
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METHODS OP ANALYSIS 


BASIC PHOSPHATE SLAG 

Basic phosphate slag is a by-product in the manufacture of steel from phosphatic 
iron ores. The product shall be finely ground and shall contain no admixture of 
materials other than what results in the original process of manufacture. It shall 
contain not less than twelve per cent (12%) of total phosphoric acid (PjO«), not 
less than eighty per cent (80%) of which shall be soluble in two per cent (2%) citric 
acid solution according to the Wagner method of analysis. Any phosphate slag 
not conforming to this definition shall be designated low grade (adopted 1925). 

BRAND AND BRAND NAME 

A brand is a term, design, or trademark used in connection with one or several 
grades of fertilizers (adopted 1926). 

A brand name is a specific designation applied to an individual fertilizer (adopted 
1926). 

CITRATE^SOLtJBLE (“REVERTED”) PHOSPHORIC ACID 

Citrate-soluble {“reverted”) phosphoric acid is that part of the total phosphoric 
acid in a fertilizer that is insoluble in water but soluble in a solution of citrate of 
ammonia according to the method adopted by the A.O.A.O. (adopted 1932). 

CRUDE, INERT OR SLOW-ACTING NITROGENOUS MATERIALS 

Crude, inert, or slow-acting nitrugeiwus materials are unprocessed organic sub- 
stances relatively high in nitrogen but having a very low value as plant food and 
showing a low activity by both the alkaline and neutral permanganate methods 
below 50% and 80%, respectively) (adopted 1929). 

CYAN AMID 

Cyanawifd is a commercial product composed chiefly of calcium cyanamid 
(CaCNi), and it shall contain not less than twenty-one per cent (21%) of nitrogen 
(adopted 1935). 

DICALCIDM PHOSPHATE 

Dicalcium phosphate is a manufacturetl product consisting chiefly of a dicalcic 
salt of phosphoric acid (adopted 1931). 


DISSOLVED BONE 

Dissolved hone is ground bone or bone meal that has been treated with sulfuric 
acid (adopted 1926). 

DRIED BLOOD 

Dried blood is the collected blood of slaughtered animals, dried and ground and 
containing not less than twelve per cent (12%) of nitrogen in organic forms (adopted 
1928). 


DRIED, PULVERIZED, OR SHREDDED MANURES 

Dried, pulverized, or shredded manures are what the name indicates, and not mix- 
tures of manures and other materials (adopted 1925). 

FERTILIZER GRADE 

Fertilizer grade shall represent the minimum guaranty of its plant food expressed 
in terms of nitrogen (not ammonia), available phosphoric acid, and water-soluble 
potash (adopted 1928). 
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FISH TANKAGE, FISH SCRAP, DRY GROUND FISH, FISH MEAL FERTILIZER GRADE 

Fish tankage, fish scrap, dry ground fish, fish meal fertilizer grade, is the dried 
ground product derived from rendered or unrendered fish (adopted 1929). 

GARBAGE TANKAGE 

Garbage tankage is the reiuiered, dried, and ground product derived from waste 
household food materials (adopted 1929). 

GROUND LIMESTONE 

Ground limestone is the product obtained by grinding calcareous or dolomitic 
limestone. Not less than seventy-five per cent (75%) shall pass a 100-mesh sieve. 
It shall contain calcium and magnesium carbonates equivalent to not less than 
ninety per cent (90%) of calcium carbonate (adopted 1931, withdrawn for amend- 
ment, 1935). 

GROUND RAW BONE 

Ground raw hone is dried ground animal bones that have not been previously 
steamed under pressure (adopted 1929). 

GROUND SHELL LIME 

Ground shell lime is the product obtained by grinding the shells of mollusks. Not 
less than seventy-five per cent (75%) shall pass a 100 -mesh sieve. It shall contain 
calcium and magnesium carbonates equivalent to not less than eighty per cent 
(80%) of calcium carbonate (adopted 1931, withdraw^n for amendment, 1935). 

GROUND SHELL MARL 

Ground shell 7 narl is the product obtained by grinding natural deposits of shell 
marl. Not less than seventy-five per cent (75%) shall pass a 100-mesh sieve. It shall 
contain calcium and magnesium carbonates equivalent to not less than eighty per 
cent of calcium carbonate (adopted 1931, withdrawn for amendment, 1935). 

GROUND STEAMED BONE 

Ground steamed hone is ground animal bones that have been previously steamed 
under pressure (adopted 1929). 

GYPSUM, LAND PLASTER, OR CRUDE CALCIUM SULFATE 

Gypsum, land plaster, or crude calcium sulfate are products consisting chiefly of 
calcium sulfate. They may contain twenty per cent (20%) of combined water. 
(They do not neutralize acid soils) (adopted 1931). 

HIGH CALCIC PRODUCTS 

High calcic products are materials of which 90% or more of the total calcium and 
magnesium content consists of calcium oxide (adopted 1935). 

HIGH MAGNESIC PRODUCTS 

High vmgnesic ,woducis are materials in which more than 10 per cent of the total 
calcium and masnesium oxide consists of magnesium oxide (adopted 1936). 

HOOF AND HORN MEAL 

Hooj and horn meal is processed dried, ground hoofs and horns (adopted 1929). 
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HYDRATED OR SLAKED LIME 

Hydrated or slaked lime ia a dry product consisting chiefly of the hydroxide of 
calcium and oxide-hydroxide of magnesium (adopted 1935). 

KAINIT 

Kainit is a potash salt containing potassium and sodium chlorides and sometimes 
sulfate of magnesia with not less than twelve per cent (12%) of potash (K^O) 
(adopted 1928). 

LEACHED WOOD ASHES 

Leached wood ashes are ashes from burned unleached wood with part of their plant 
food removed by artificial means or by exposure to rains, snows, or other solvent 
(adopted 1928). 

LIME 

The word lime when applied to liming materials means either calcium oxide or 
calcium and magnesium oxides (adopted 1934). 

MANGANESE 

Manganese. The Committee recommends that either the water-soluble or avail- 
able manganese in fertilizers be expressed as manganese (Mn) (adopted 1935). 

MANGANESE SULFATE 

Manganese sulfate. The term manganese sulfate, when applied to an ingredient 
of a mixed fertilizer, shall designate anhydrous manganous sulfate (MnSOd 
(adopted 1935). 

MANURE SALTS 

Manure salts are potash salts containing high percentages of chloride and from 
twenty per cent (20%) to thirty per cent (30%) of potash (K 2 O). The term double 
manure salts should be discontinued (adopted 1925). 

MONO-AMMONIUM PHOSPHATE (FERTILIZER GRADE) 

Monoammonium phosphate (Jertilizer grade) is a commercial salt made by com- 
bining phosphoric acid with ammonia. It shall contain not leas than ten per cent 
(10%) of nitrogen and not less than forty-six per cent (46%) of available phosphoric 
acid (adopted 1934). 

MURUTE OF POTASH (COMMERCIAL POTASSIUM CHLORIDE) 

Muriate of potash ia a potash salt containing not less than forty-eight per cent 
(48%) of potash (KjO), chiefly as chlorides (adopted 1929). 

NITRATE OP POTASH (COMMERCIAL POTASSIUM NITRATE) 

Nitrate of potash is a salt containing not less than twelve per cent (12%) of nitro- 
gen and forty-four per cent (44%) of potash (K 2 O) (adopted 1927). 

NITRATE OF SODA (COMMERCIAL SODIUM NITRATE) 

Nitrate of soda is commercial sodium nitrate containing not less than fifteen per 
cent (15%) of nitrogen, chiefly as sodium nitrate (adopted 1928). 
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PEAT 

Peat is partly decayed vegetable matter of natural occurrence. It is composed 
chiefly of organic matter which contains some nitrogen of low activity (adopted 
1931). 

CHARRED PEAT 

Charred peat is peat artificially dried at a temperature that causes partial decom- 
position (adopted 1931). 

PHOSPHATE ROCK 

Phosphate rock is a natural rock containing one or more calcium phosphate min- 
erals of sufficient purity and quantity to permit its use, either directly or after 
concentration, in the manufacture of commercial products (adopted 1933). 

PHOSPHORIC ACID 

The term phosphoric acid designates phosphorus pentoxide {P 2 O 5 ) (adopted 1934). 

POTASH 

The term potash designates potassium oxide (K 2 O) (adopted 1934). 

PRECIPITATED BONE PHOSPHATE 

Precipitated bone phosphate is a by-product from the manufacture of glue from 
bones and is obtained by neutralizing the hydrochloric acid solution of processed 
bone with calcium hydroxide. The phosphoric acid is chiefly present as dicalcium 
phosphate (adopted 1933). 


PRECIPITATED PHOSPHATE 

Precipitated phosphate is a product consisting mainly of dicalcium phosphate ob- 
tained by neutralizing with calcium hydroxide the acid solution of either phosphate 
rock or processed bone (adopted 1933). 

PROCESS TANKAGES 

process tankages are products made under steam pressure from crude inert nitrog- 
enous materials, with or without the use of acids, for the purpose of increasing the 
activity of the nitrogen. These products shall be called “Process Tankages” with 
or without further qualification. The water-insoluble nitrogen in these products shall 
test at least fifty per cent (50%) active by the alkaline, or eighty per cent (80%) 
by the neutral permanganate method (adopted 1931). 

PRODUCTS SECURED BY HEATING CALCIUM PHOSPHATE WITH ALKALI SALTS 
CONTAINING POTASH 

Products secured by heating calciujn phosphate with alkali salts containing potash 
are non-acid phosphates with potash. They are not potassium phosphate (adopted 
1928). 

QUICK LIME, BURNED LIME, CAUSTIC LIME, LUMP LIME, UNSLAKED LIME 

Quick lime, burned lime, caustic lime, lump lime, umlaked lime. These designations 
shall apply to calcined materials, the major part of which is calcium oxide, in 
natural association with a lesser amount of magnesium oxide, and which is capable 
of slaking with water (adopted 1935). 
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SHEEP MANXJRE— WOOL WASTE 

Sheep manure — wool waste is the by-product from wool-carding establishments 
consisting chiefly of sheep manure, seeds, and wool fiber (adopted 1931). 

SOFT PHOSPHATE WITH COLLOIDAL CLAY 

Soft phosphate mih colloidal clay is a very finely divided low-analysis by-product 
from mining Florida rock phosphate by a hydraulic process in which the colloidal 
materials settle at points in artificial ponds and basins farthest from the washer, 
and are later removed after the natural evaporation of the water (adopted 1933). 

SULFATE OF AMMOKIA (COMMERCIAL AMMONIUM SULFATE) 

Sulfate of ammonia {cominercial ammonium sulfate) is a commercial product com- 
posed chiefly of ammonium sulfate. It shall contain not less than twenty and five- 
tenths per cent (20.5%) of nitrogen (adopted 1931). 

SULFATE OF POTASH-MAGNESIA 

Sulfate of potash^magnesia is a potash salt containing not less than twenty-five 
per cent (25%) of potash (KjO), nor less than twenty-five per cent (25%) of sulfate 
of magnesia, and not more than two and one-half per cent (2.5%) of chlorine 
(adopted 1925). 

SULFATE OF POTASH (COMMERCIAL POTASSIUM SULFATE) 

Sulfate of potash {commercial potassium sulfate) is a potash salt containing not 
less than forty-eight per cent (48%) of potash (KaO) chiefly as sulfate, and not 
more than two and one-half per cent (2.5%) of chlorine (adopted 1929). 

SUPERPHOSPHATE 

Superphosphate is the cured product obtained by mixing rock phosphate with 
sulfuric or phosphoric acid or with both (adopted 1933, withdrawn for amendment, 
1935). 

TANKAGE 

Tankage (without qualification) is the rendered, dried, and ground by-product, 
largely meat and bone from animals (slaughtered or that have died otherwise) 
(adopted 1929). 

UNIT OF PLANT FOOD 

A unit of plarit food is twenty (20) pounds, or one per cent (1 %) of a ton (adopted 
1926). 

UNLEACHED WOOD ASHES 

Unleacked wood ashes are ashes from burned unleached wood that have had no 
part of their plant food removed and that contain four per cent (4%) or more of 
water-soluble potash (KjO), (adopted 1928), 

WASTE LIME, BY-PRODUCT LIME 

Waste lime, by-product lime, is any industrial waste or l)y-product containing cal- 
cium or calcium and magnesium in forms that will neutralize acids. It may be desig- 
nated by the prefixation of the name of the industry or process by which it is 
produced, i.e., gas-house lime, tanners’ lime, acetylene lime- waste, lime-kiln ashes, 
calcium silicate, etc. (adopted 1931). 
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INTERPRETATIONS 

ACTIVITY OF WATER-INSOLUBLE NITROGEN IN MIXED FERTaiZERS 

Activity of water-insoluble nitrogen in mixed fertilizers. The alkaline and neutral 
permanganate methods distinguish between the better and the poorer sources of 
water-insoluble nitrogen, and do not show the percentage availability of the ma- 
teriala. The available nitrogen of any product can be measured only after carefully 
conducted vegetation experiments. 

(a) The methods shall be used on mixed fertilizers containing water-insoluble 
nitrogen amounting to three-tenths of one per cent (0-3%) or more of the weight 
of the material. If a total nitrogen exceeds the minimum guaranty and is accom- 
panied by a low activity of the insoluble nitrogen, the over-run shall be taken into 
consideration in determining the classification of the water-insoluble nitrogen. 

(b) The water-insoluble nitrogen in mixed fertilizers showing an activity below 
fifty per cent (50%) by the alkaline method and also below eighty per cent (80%) 
by the neutral method shall be classed as inferior. This necessitates the use of 
both methods, also the provision as to over-run in (a), before classifying as inferior 
(adopted 1927). 

AMOUNT OP CHLORINE PERMISSIBLE IN FERTILIZERS IK WHICH THE 
POTASH IS CLAIMED AS SULFATE 

Amount of chlorine permissible in fertilizers in which the potash is claimed as sul- 
fate. The chlorine in mixed fertilizers in which the potash is claimed as sulfate shall 
not exceed one-half of one per cent (0.5%) more than what is called for in the 
minimum potash content based on the definition of sulfate of potash as formulated 
by the Committee. Calculate as follows: 0.05 times the percentage of potash found 
plus 0.5 (adopted 1928). 

BRAND NAME TO INCLUDE ANALYSIS OR GRADE OF FERTILIZER 

The analysis or grade of a fertilizer should be included with its brand name, and so 
used by the manufacturer on sacks and in printed literature and by the control offi- 
cial in his reports and publications (adopted 1927). 

CYANAMIDE AND UREA NITROGEN 

Cyanamide and urea nitrogen is synthetic non-protein organic nitrogen (adopted 
1931). 

FERTILIZER FORMULA 

A fertilizer formula shall express the quantity and grade of the crude stock 
materials used in making a fertilizer mixture. For example; 800 pounds of 16% 
superphosphate, 800 pounds of tankage (7.40 nitrogen and 9.15 total phosphoric 
acid), and 400 pounds of sulfate of potash-magnesia (twenty-six per cent (26%) 
potash) (adopted 1926). 

FINELY GROUND AS APPLIED TO BASIC PHOSPHATE SLAG 

Finely ground in the definition of basic phosphate slag shall refer to actual size of 
particles as determined by the use of standard sieves, as follows: seventy per cent 
(70%) or more shall pass a 100-, and ninety per cent (90%) or more shall pass a 
SO-mesh sieve (adopted 1927). 


689 



METHODS OF ANALYSIS 


THE WORD “LIME” AS APPLIED TO FERTttlZERS 

The term *Hime” shall not be used in the registration, labelling, or guaranteeing 
of fertilizers or fertilizing materials unless the lime is in a form or forms to neutralize 
soil acidity (adopted 1935), 


NET WEIGHTS 

The weights appearing on packages of fertilizer, agricultural lime, and liming 
materials shall always mean net weights (adopted 1932), 

ORDER OF TERMS 

The order of terms in mixed fertilizers shall be nitrogen first, ])hosphoric acid 
second, and potash third {adopted 1930). 

NAME OF A FERTILIZER MATERIAL USED AS THE BRAND NAME OR PART 
OF THE BRAND NAME OF A MIXED FERTILIZER 

When the name of a fertilizer material is used as a part of the brand name of a 
mixed fertilizer, as for example, blood, bone, or fish, the nitrogen or phosphoric 
acid shall be derived from or supplied entirely by the material named. When the 
name of a fertilizer material is used as a brand or as part of a brand and the nitrogen 
or phosphoric acid is not supplied by the material named, the word “brand’’ shall 
follow the name of the materials. Example: “Fish Brand Fertilizer” (adopted 
1930). 

STATEMENT OF GUARANTIES 

The statement oj guaranties of mixed fertilizers shall be given in whole numbers 
(adopted 1930). 

UNIFORMITY IN USE OF TERMS “PHOSPHORIC ACID” AND “POTASH” 

As the terms phosphoric acid and potash are used universally in guaranteeing and 
in reporting the analyses of fertilizers, it is recommended that the same terms also 
be used in reporting and discussing the results of analyses of related materials 
(adopted 1934). 
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Abb6 refract 0 meter, 406 
Abrastol, 442 

Acetaldehyde solution, standard, 171 
Acetanilid, 541, 543, 545, 546, 547, 606 
Acetic and acetylealicylic acid, com- 
bined, 552 

Acetone, detection, in spirits, 172 
Acetone-carbon tetrachloride test for 
fat, cacao products, 203 
Acetphenetidin, 541, 548, 549, 553, 606 
Acetyl value, oils, fats, and waxes, 417 
Acetylsalicylic acid, 550, 562 
in mixtures containing acetphenetidin 
and caffeine, 553 
Acid, free, in honey, 489 
Acid dyes, 236 

Acid number, of boiled linseed oil, 110 
of raw linseed oil, 109 
rosin, 75 
volatile oil, 449 
Acid solution, standard, 20 
Acid-forming or non-acid-forming qual- 
ity of fertilizers, 34 

Acidity, of beverages (non-alcoholic) 
and concentrates, 144 
of cheese, 291 

cordials and liqueurs, 180 
ether extract, eggs and egg prod- 
ucts, 303 

fruits aJid fruit products, 325 
grain and stock feeds, 346 
milk, 264 

prepared mustard, 453 
roasted coffee, 193 
salad dressings, 454 
spirits, 170 
tanning materials, 119 
water extract of wheat flour, 208 
wines, 166, 167 
Acids, in beer, 150 

in beverages (non-alcoholic) and con- 
centrates, 144 
cordials and liqueurs, 181 
fruits and fruit products, 325, 332 
oils, fats and waxes, 413, 414, 415 
tomato products, 500 
vegetables and vegetable products, 
498 

vinegars, 456 


Aconitine, 603 
in aconite root, 582 
Acrospire, length of, of malt, 153 
Adamkiewicz test, 338 
Agar agar in fruits and fruit products, 
333 

Agricultural liming materials, 38 
Albumin, in evaporated milk, 280 
in milk, 266 

wheat flour, 210 

Albuminoid nitrogen in grain and stock 
feeds, 338 

Alcohol, aldehyde-free, 171 
in almond extract, 313 
beer, 149 

beverages (non-alcoholic) and con- 
centrates, 144 
brandy drops, 487 
cassia, cinnamon and clove ex- 
tracts, 315 

cordials and liqueurs, 180 
fruits and fruit products, 320 
ginger extract, 315 
lemon and orange extracts, 309 
peppermint, spearmint, and winter- 
green extracts, 316 
spirits, 170 
vaniIJa extract, 306 
vinegars, 457 
wines, 163 
methyl, 173, 578 
Alcohol extract in spices, 446 
Alcohol precipitate in fruits and fruit 
products, 324 

Alcohol tables, 644, 663, 671 
Alcohol, tertiary butyl, detection in 
spirits, 172 

Alcoholic soda solution, 215 
Aldehydes, in cordials and liqueurs, 183 
in lemon and orange extracts, 311 
lemon and orange oils, 312 
spirits, 171 
volatile oil, 449 

Alkali, black, of irrigating water, 527 
Alkali salts in soils, 16 
Alkali solution, standard, 23 
Alkalies in industrial water, 526 
Alkaline permanganate solution, 28 
Alkaline tartrate solution, 135, 482 
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Alkalinity, of ash, of cacao products, 198 
of confectionery, 485 

cordials and liqueurs, 182 
fruits and fruit products, 321 
honey, 487 
industrial water, 52h 
maple products, 491 
roasted coffee, 192 
sugars, sirups, and molasses, 466 
tea, 195 

tomato products, 499 
vinegars, 456 
wines, 165 

Alkaloids, microchemical tests, 602, 603 
of ergot, 583 
Allihti method, 482 
AUihn’s table, 636 
Almond extract, 313 
Almond paste, kernel paste, etc., 402 
Aloin, 567 

Alpha-uaphthylamine hydrochloric soln, 
506 

Alumina cream, 468 
Alumina in pigments, 99 
Aluminum, in baking powders and bak- 
ing chemicals, 188, 189 
in industrial water, 526 
mineral water, 516, 517 
permitted dyes, 251 
plants, 122 
oxides of, in soils, 6 
Amaranth, 261 

Amido nitrogen in grain and stock feeds, 
338 

Amino nitrogen, in meat, 361 
in wheat flour, 210 
Aminopyrine, 573, 606 
Ammonia, in baking powders and (bak- 
ing chemicals, 190 
in cottonseed, 427 
meat, 354 

meat extracts and simitar products, 
365 

tobacco, 137 

Ammonia nitrogen in eggs and egg prod- 
ucts, 304 

Ammonia sodium chloride, 261 
Ammoniacal cadmium chloride solution, 
85 

Ammoniacal zinc chloride solution, 63 
Ammonium acetate solution, 188, 512, 
520 

Ammonium bisulfide solution, 188 
Ammonium chloride solution, 29, 47 
Ammonium citrate solution, 21 
Ammonium dichromate solution, 520 


Ammonium molybdate solution, 130 
Ammonium nitrate solution, 19 
Ammonium polysulfide solution, 84 
Ammonium sulfate, commercial, defini- 
tion, 688 

stock and standard solution, 137, 138 
Amraonium-Ievo-tartrate solution, 326 
Ammonium thiocyanate solution, 594 
Analysis of fertilizers, definition, 683 
Anise and nutmeg extracts, 317 
Anthranilic acid ester in beverages and 
concentrates, 145 
Antimony in pigments, 96 
Antimony oxide in pigments, 98 
Antipyrin and caffeine, 553 
Apomorphine in tablets, 565 
Appearance of boiled linseed oil, 111 
of varnishes, 104 
Arecoline, 603 
Arnold. See Kjeldahl 
Arsenic, 370 

in baking powders and baking chemi- 
cals, 190 

commercial coal tar food colors, 252 
gelatin, 367 

iron methylarsenate, 592 
iron-arsenic tablets, 590 
mineral water, 523 
plants, 128 

sodium cacodylate, 591 
soils, 13 

Arsenic, total, in Bordeaux mixture with 
calcium arsenate, 56 
in Bordeaux mixture with lead arse- 
nate, 55 

Bordeaux mixture with Paris green, 
54 

calcium arsenate, 50 
insecticides and fungicides, 41 
lead arsenate, 49 
magnesium arsenate, 52 
Paris green, 47 
zinc arsenite, 52 

Arsenic, water-soluble, in Bordeaux 
mixture with calcium arsenate, 56 
in Bordeaux mixture with lead arse- 
nate, 55 

calcium arsenate, 51 
insecticides and fungicides, 44 
lead arsenate, 50 
magnesium arsenate, 52 
zinc arsenite, 52 

Arsenic oxide, total, in lead arsenate, 49 
Arsenious oxide, sodium acetate-solu- 
ble, in Paris green, 48 
solution, 41, 66, 373 
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total, in Bordeaux mixture with 
Faria green, 54 
in calcium arsenate, 50 
lead arsenate, 49 
magnesium arsenate, 52 
Paris green, 47 
zinc arsenite, 52 

water-soluble, in Bordeaux mixture 
with Paris green, 54 
in Paris green, 48 
Asaprol, 442 
Asbestos, 340 

Ash, in baking powders and baking 
chemicals, 189 
in beer, 150 

beverages and concentrates, 145 

boiled linseed oil, 111 

bread, 224 

butter, 289 

cacao products, 198 

cheese, 291 

commercial coal tar food colors, 250 
confectionery, 485 
cordials and liqueurs, 182 
cream, 277 

dried milk and malted milk, 282 
evaporated milk, 280 
fruits and fruit products, 321 
gelatin, 367 

grain and stock feeds, 336 
honey, 487 
leathers, 112 

lemon and orange extracts, 312 
macaroni products, 228 
maple products, 491 
meat, 353 

meat extracts and similar products, 
364 

milk, 265 

mineral oil-soap emulsions, 69 
nuts and nut products, 400 
phosphated and self-rising flour, 
207 

plants, 121 

prepared mustard, 452 
roasted coffee, 191 
rosin, 76 
spices, 445 
spirits, 170 

sugars, sirups, and molasses, 465, 466 
sweetened condensed milk, 280 
tea, 195 

tomato products, 499 
vanilla extract, 308 
vegetables and vegetable products, 
497 


vinegars, 456 
wheat flour, 207 
wines, 165 

Ashes, from leached wood, definition, 683 
leached wood, definition, 686 
Assortment of malt, 153 
Atmospheric pressure, correction for 
variation in, turpentine, 81 
Attenuation of beer, 150 
Atropine, 603 
in tablets, 555 

Aurintricarboxylic acid solution, 188 

Babcock method, 268, 277 
Bacteria in tomato products, 502 
Bailey-Andrew method, 196 
Baked cereal products, 221 
Baked products other than bread, 228 
Baking powders and baking chemicals, 
184 

Baking test, experimental, 224 
Barbital and phenobarbital, 582 
Barium, in mineral water, 520 
soluble, in pigments, 99 
Basal rachitic ration, 351 
Basic dyes, 236 

Basic lead acetate solution, 468 
Basic slag, 35 
Baudouin test, 422 

Beans, hydrocyanic acid formed by the 
hydrolysis of, 348 
Beer, 148 

Beet sugar-house products, quantity of 
sample and reagents required for 
clarification and deleading, 474 
Belladonna ointment, 590 
Benedict’s solutions, 478 
Benzaldehyde, in almond extract, 314 
in beverages and concentrates, 147 
cordials and liqueurs, 183 
Benzocaine, ,^06 
Benzoic acid, 432 
in almond extract, 314 
Benzoyl peroxide bleach in flour, 217 
Beta-naphthol, 441 

Beverages (non-alcoholic) and concen- 
trates, 144 
Bieber’s test, 402 
Bioassay of drugs, 699 
Bismuth compounds in tablets, 592 
Biuret test, 337 

Boiling range of 4^ cumidine from pon- 
ceau 3 R, 259 

Blood, dried, definition, 684 
Bone, dissolved, definition, 684 
ground, raw, definition, 684 
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ground, steamed, definition, 684 
in meat scrap or tankage, 347 
mechanical analysis, 18 
Bone phosphate, precipitated, defini- 
tion, 687 

Boneblack, purified, 168 
Borates, 436 
Bordeaux mixture, 53 
with calcium arsenate, 56 
lead arsenate, 55 
Paris green, 54 

Boric acid, acid-soluble, in fertilizers, 
32 

and borates, 436 
in mineral water, 523 
water-soluble, in fertilizers, 31 
Brand, and brand name, definition, 684 
Brandy drops, 487 
Bread,"' 221 
Brewer’s rice, 161 
Brewing materials, 148, 1 52, 1 60 
Brine, 504, 528 

Bromate method, arsenic, 373 
Bromide, in brine, 529, 530 
in mineral water, 522 
Bromocresol purple solution, 575 
Bromothymol blue indicator, 61 
Bromide-bromate solution, standard, 
543, 551 
Brucine, 603 
Butter, 283 
renovated, 290 

Butyro-refractometer readings and in- 
dices of refraction, 407 

Cacao bean and its products, 198 
Caffeine, 543, 545, 546, 548, 553, 603 
in roasted coffee, 192 
tea, 196 

Calcic products, high, definition, 685 
Calcium, in baking powders and baking 
chemicals, 189 

in fruits and fruit products, 323 
industrial water, 526 
mineral water, 517 
permitted dyes, 251 
pigments, 100 
plants, 123 
salt, 532 
soils, 6 

Calcium arsenate, 50 
Calcium chloride solution, acid, 109 
Calcium cyanide, 57 
(’alcium gluconate, 592 
Calcium hydrochlorite and bleaching 
powder, 67 


Calcium oxide, in agricultural liming 
materials, 40 
in ash of spices, 445 
calcium arsenate, 51 
mineral feeds, 347 

Calcium phosphate, products secured by 
heating with alkali salts containing 
potash, 687 

Calcium sulfate, crude, 685 
Calcium-sodium acetate solution, 326 
Calomel in calomel ointment and in 
tablets, 595 
Camphor, 560 

monobromated, in tablets, 561 
Canadian lead number of maple prod- 
ucts, 492 

Capsicum in ginger extract, 316 
Caramel in cordials and liqueurs, 183 
Carbon, carbonate, in soils, 2 
organic, in soils, 4 

Carbon dioxide, correction factors for 
gasoinetric determination, 676 
density of, table, 674 
in agricultural liming materials, 40 
baking powders and baking chemi- 
cals, 184, 186 
beer, 151 

Bordeaux mixture, 53 
Bordeaux mixture with calcium 
arsenate, 56 

Bordeaux mixture with lead arse- 
nate, 55 

Bordeaux mixture with Paris green, 
54 

mineral water, 515 
pigments, 100 
self-rising flour, 208 
sodium hypochlorite solutions, 67 
Carbon tetrachloride, 580 
purified, 172 

Carbonate and hydroxide in soda lye, 60 
Carbonate carbon in soils, 2 
Carbonic and bicar bonic acids, 515 
in industrial water, 526 
Cascara sagrada, 583 
Casein, in butter, 289 
in evaporated milk, 280 
milk, 265 

Cassia, cinnamon, and clove extracts, 
315 

Cat-eye method, 599 
Caustic poisons, 73 

Caustic value, agricultural liming ma- 
terials, 38 
C'ereal foods, 200 
Cheese, 290 
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Chenopodium, oil of, 598 
Chicory infusion of coating and glazing 
substances, 194 
Chinosol, 606 

Chittick's apparatus for total carbon 
dioxide, 184 
Chloramine-T, 68 

Chloride chlorine in sodium hypochlo- 
rite solutions, 66 
Chloride, in industrial water, 526 
in mineral water, 515 
potable waters, 507 
Chlorides, in ash, bread, 224 
in beer, 152 
cheese, 291 

meat extracts and similar products, 

365 

roasted coffee, 192 
wines, 166 

Chlorine, in ash of fruits and fruit prod- 
ucts, 321 

in calcium cyanide, 57 

calcium hypochlorite and bleaching 
powder, 67 
chloramine-T, 68 
eggs and egg products, 301 
fertilizers, 33 
plants, 131 

sodium and potassium cyanides, 56 
sodium hypochlorite solutions, 66 
wheat flour, 214 

Chloroform, and carbon tetrachloride, 
580 

in mixtures, 579 

Chlostcrol and phytosterol in mixtures 
of animal and vegetable fats, 418 
Cinchona, alkaloids, 555 
constants of, 557 
Cinchonifline, 555, 603 
(Mnchoiiine, 555, G03 
Cinchophen, 606 
Cinnamon extracts, 315 
Citral in lemon and orange extracts, 311 
Citral solution, standard, 311 
Citric acid, in beverages and concen- 
trates, 144 
in cheese, 293 

cordials and liqueurs, 181 
fruits and fruit products, 327 
milk, 264 
wines, 168 
Clove extracts, 315 

Coal tar colors in cordials and liqueurs, 
183 

Coal tar dye, pure, in commercial coal 
tar food colors, 256 


Coal tar dyes, 233, 234, 235 
Coal tar food colors, permitted, 236 
Coating and glazing substances, coffee 
and tea, 194 
Cocaine, 576, 603 
Cochineal indicator, 23 
Coconut oil 

in cacao butter and fat extracted from 
milk chocolate, 201 
silver number for detection, 203 
Coconut, shredded, 403 
Codeine, 545, 603 
in tablets, 565 
Coffee and tea, 191 
Cold test for salad oils, 422 
Cold-water extract in spices, 446 
Color, added to eggs and egg products, 
extraction and identification, 305 
in vinegars, 459 

insoluble, in amyl alcohol, in spirits, 
179 

water-soluble, in spirits, 178 
of beer, 148 

potable water, 504 
raw linseed oil, 1 10 
turpentine oil, 77 
varnishes, 104 

Color acid and dye in commercial coal 
tar food colors, 254 

Color reactions produced on dyed fibers 
by various reagents, 240 
Color value of vanilla extract, 309 
Coloring matters, in beer, 152 
in beverages and concentrates, 145 
butter, 290 
cacao products, 205 
cheese, 291 
confectionery, 487 
cream, 279 
evaporated milk, 280 
foods, 233 

fruits and fruit products, 334 
green coffee, 191 
ice cream, 296 

lemon and orange extracts, 312 
macaroni, egg noodles and similar 
products, 229 
meat, 359 
milk, 275 

oils, fats, and waxes, 423 
prepared mustard, 453 
spirits, 178 
vanilla extract, 309 
vegetables and vegetable products, 
498 

vinegars, 461 
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wines, 168, 169 

Colors, artificial, in spirits, 179 
Commercial coal tar food colors, 247 
Composition of salad dressings, calcula- 
tion, 455 

Concentrates, 144 
Condensed milk, sweetened, 280 
Condiments, 445 

Conductivity value of maple products, 
493 

Confectionery, 484 

Constants of fat in nuts and nut prod- 
ucts, 400 

Copper, in Bordeaux mixture, 54 
in Bordeaux mixture with calcium 
arsenate, 56 

Bordeaux mixture with lead arse- 
nate, 55 

Bordeaux mixture with Paris green, 
54 

foods, 398 
gelatin, 368 

insecticides' and fungicides, 45 
plants, 127 
potable water, 513 
Copper carbonate, 52 
Copper nitrate solution, 508 
Copper oxide, in copper carbonate, 52 
in Paris green, 48 

Copper solution, standard, 398, 513 
Copper sulfate in grains and stock feeds, 
349 

Copper sulfate solution, 127, 135, 482 
Copper-levulose equivalents, 635 
Copper resisting substances, in pre- 
pared mustard, 453 
in spices, 446 

Cordials and liqueurs, 179 
Corn, field, in canned mixtures of field 
and sweet corn, 502 

Corn products, brewing material, 160, 
161 

Cottonseed, 423 

Cottonseed oil in oils, fats, and waxes, 
420 

Coumarin, 306 

Cowles maple-acid value of maple prod- 
ucts, 494 
Cream, 277 

Cream of tartar in wines, 168 
Creatin 
in meat, 360 

meat extracts and similar products, 
366 

Creatinin in meat extracts and similar 
products, 366 


Critical temperature of dissolution of 
fat in acetic acid test, cacao prod- 
ucts, 202 

Crude fiber, in baked products other 
than bread, 228 
in bread, 224 

cacao products, 204 
grain and stock feeds, 340 
macaroni products, 229 
milk chocolate, 204 
nuts and nut products, 400 
plants, 136 

prepared mustard, 453 
roasted coffee, 193 
spices, 446 
tea, 196 

wheat flour, 208 
Cupric hydroxide, 338 
Cryoscopie method, 270 
Cyanatuid, definition, 684 
Cyanamide, and urea nitrogen, defini- 
tion, 689 

water-soluble nitrogen in, 27 
Cyanogen 

in calcium cyanide, 57 

sodium and potassium cyanides, 
56 

Cyanogenetic glucosides in feeds and 
similar materials, 347 

Dairy products, 264 

Dean and Stark distilling tube receiver, 
58 

Definitions of terms and interpretation 
of results on fertilizers and liming 
materials, 683 

Denig6a method, modified, 174 
Devarda alloy, 562 
Devarda method, 26 
Dextrin, in beer, 150 
in coating and glazing substances, 194 
fruits and fruit products, 332 
sugars, 489 
vinegars, 461 
wines, 169 
Dextrose, 482 

and sucrose in eggs and egg products, 
301 

in sugars, 488 

or D-glucose in nuts and nut products, 
401 

Diacetyimorphine in tablets, 566 
Diammonium citrate solution, 326 
Diastase in honey, 490 
Diastatic activity of flour, 218 
Diastatic power of malt, 158 
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Di-galacturonic acid in fruits and fruit 
products, 324 

Dimethylaminoazobenzenc-orthocarbox- 
ylic acid, 24 

Dimethylamiuobeuzaldehyde, 583 
Dinitrophenol, 606 

Dinitrophenylhydmzine sulfate solu- 
tion, 588 

Diphenylamine solution, 138 
Diphenylthiocarbazone, 377 
Distillation of turpentine, 80 
Distilled liquors, 170 
Dithizone, 377 
Domke’s table, 620 
Dough, preparing for panning, 227 
Dried milk, 281 
Drugs, 541 
bioassay, 699 
sampling, 541 

Drying on glass, boiled linseed oil, 110 
Dulcin, 442 
Dust in tea, 195 

Dye intermediates in commercial coal 
tar food colors, 257 

Eberthella typhosa, use of in determina- 
tion of phenol coefficient, 68 
Edestin in wheat flour, 210 
Egg albumin in coating and glazing sub- 
stances, 194 

Egg noodles, coloring matter in, 229 
Eggs and egg products, 297 
Elasticity or toughness of varnishes, 
104 

Emanation method, radioactivity, 534 
Emetine hydrochloride in tablets, 554 
Ephedra assay, 557 
Ephedrine, 604 
in inhalants, 557 
tablets, 558 
Ergot, 583, 601 
Ergotamine, 583, 601 
Ergotamine tartrate solution, standard, 
584 

Ergotoxine, 583, 601 
Ergotoxine ethanesulfonate solution, 
standard, 584 
Erythrosine, 259 

Essential oil in extracts and toilet prepa- 
rations, 317 

Ester number of volatile oil, 449 
Esters 

in beverages and concentrates, 144 
cordials and liqueurs, 181 
spirits, 171 
Ether, 584 


Ether extract, in confectionery, 486 
in grain and stock feeds, 339 
leathers, 113 
meat, 354 
plants, 136 

prepared mustard, 453 
spices, 446 
wheat flour, 208 

Ether extractives in commercial coal tar 
food colors, 253 
Eugenol in volatile oil, 449 
Evaporated milk, 279 
Extract, apparent, or sac charo metric in- 
dication of beer, 148 
in corn and rice brewing materials, 
160, 161 
malt, 154 
spirits, 170 
wines, 164 
of original wort, 149 

raw and spent materials, 120 
real, of beer, 149 

solution in cold water, in wheat flour, 
213 

sugar-free, in wines, 105 
water, in tea, 195 

Extraction and identification of added 
color, 305 

of raw' and spent materials, 119 
Extraction apparatus, continuous, 568 
Extracts, flavoring, 306 
in tanning materials, IIG 

Facing for tea, 197 
F. A. C. method, 420 
Fat, acetone-carbon tetrachloride test, 
cacao products, 203 
constants of fat, and protein, in nuts 
and nut products, 400 
critical temperature of dissolution in 
acetic acid test, cacao products, 202 
crude, in grain and stock feeds, 339 
meat, 354 
in bread, 224 
butter, 288, 289 
cacao products, 199 
cheese, 291 

corn and rice brewing materials, 
160, 161 
cream, 277 
dried milk, 282 
dried milk products, 339 
eggs and egg products, 299 
evaporated milk, 280 
ice cream, 296 
macaroni products, 229 
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malted milk, 282 

meat extracts and similar products, 
365 

milk, 207 

salad dressings, 455 
sweetened condensed milk, 281 
wheat flour, 208 

melting point, cacao products, 203 
separation and preparation, in 
cacao products, 201 
Fats, 404 

and waxes in coating and glazing sub- 
stances, 195 

foreign, containing tristearin, in lard 
422 

Fatty acids, in cottonseed, 427 
oils, fats, and waxes, 415-417 
preparation of, in testing non-volatile 
vehicle, paints, 88 

Fendier-Stuber method, modified, 192 
Fermentation of beer, 150 
Ferric ammonium sulfate 
indicator, 580, 594 
solution, standard, 598 
Ferric sulfate solution 
for colorimetric determination of iron, 
standard, 86 
titanium, 86 

Ferrous ammonium sulfate solution, 457 
Ferrous chloride solution, 355 
Ferrous sulfate, in grain and stock feeds, 
349 

solution, 327 

Fertilizer formula, definition, 689 
Fertilizer grade, 689 
Fertilizers, 18 

definitions of terms and interpretation 
of results, 683 

Fish oil and marine animal oil in pres- 
ence of vegetable oils and in absence 
of metallic salts, 423 
Fish scrap, etc., definition, 683 
Flash point of varnishes, 106 
Flavoring extracts, 306 
Flour, wheat, 206 
Fluidextract of ipecac, 577 
Fluoboratea, 439 
Fluoride solution, standard, 508 
Fluorides, 438, 439 
in potable waters, 508 
Fluorine in insecticides and fungicides, 46 
Fluosilicates, 439 
Foots, raw linseed oil, 109 
Foreign matter in cottonseed, 423 
Formaldehyde, 436 
in formaldehyde solutions, 61 


Formaldehyde solutions, 61 
Formic acid, 442 
in vinegars, 460 

Fowler modification of Canadian lead 
number, 492 

Fresenius-Gladding method, 21 
Fruits and fruit products, 319 
Fuchsin-sulfitc solution, 302 
Fuchsin-sulfuroua acid, 578 
Fungicides, 40 

Furfural, in cordials and liqueurs, 183 
in spirits, 171 

Furfural solution, standard, 171 
Fusel oil, in cordials and liqueurs, 183 
in spirits, 172 

Oalactan in grain and stock feeds, 345 
Gamma undecalatone, in beverages and 
concentrates, 147 
in cordials and liqueurs, 181 
Gamma ray method, radioactivity, 539 
Garbage tankage, definition, 685 
Gasoline color value of wheat flour, 218 
Gelatin, 367 

in coating and glazing substances, 194 
cream, 279 
evaporated milk, 280 
fruits and fruit products, 333 
meat extracts and similar prod- 
ucts, 365, 366 
milk, 274 

Gelatin nitrogen in meat, 360 
Gelatin solution, 119, 196 
Ginger extract, 315 
Ginger in ginger extracts, 316 
Gladding. Sec Fresenius-Gladding, also 
Lindo 

Glazing substances for colTec and tea, 
194 

Globulin in wheat flour, 210 
Glucose, commercial, 492 
in beverages and concentrates, 145 
confectionery, 485 
fruits and fruit products, 332 
honey, 489 

sugars, sirups, and molasses, 476 
wines, 165 
in leathers, 114 

Gluten, crude, in wheat flour, 210 
Glutenin in wheat flour, 210 
Glycerol-alcohol ratio of wines, 164 
Glycerol, in beer, 150 
in cordials and liqueurs, 180 
dry wines, 163 
eggs and egg products, 302 
lemon and orange extracts, 310 
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meat extracts and similar products, 
366 

shredded coconut, 403 
sweet wines, 164 
vanilla extract, 306 
vinegars, 457 
Glycogen in meat, 357 
Glyoxylic acid test, 337 
Grain and stock feed, 335 
Grape juice, added water in, 333 
Grit in poultry and similar feeds, 347 
Grits, refined, 162 
Gum and dextrin in wines, 169 
Gums in cheese, 295 
Gunning. See Kjeldahl 
Gunning-Hibbard method, 5 
Gunning method, modified, 25 
organic and ammoniacal nitrogen, in 
fertilizers, 24 
Gustafson method, 207 
Gutzeit method, 370 
Gypsum, definition, 685 

•Halogens, total, in erythrosine, 260 
Halphen test, 420 
Halphen-Hicks test, 89 
Han us method, 410 
Hardness of industrial water, 526, 527 
Ilehner number, 413 
Hchner test, 437 
Ilematin solution, 119 
Heroin, 604 
in tablets, 566 
Herzfeld method, 481 
Herzfeld’s table, 632 
Hexamethylenetetramine in tablets, 558 
Hide powder, 117 
Hide substance in leathers, 115 
Hiltner method, 313 
Ilomatropine, 604 
Honey. 487 

Hoof and horn meal, definition, 685 
Hopkins-Cole test, 337 
Hortvet cryoscope, 271 
Hydrazino- 7 -undecaJactone, optical prop- 
erties, 182 

Hydrochloric acid, fuming, 141 
standard, 23, 682 

Hydrocyanic acid, formed by the hy- 
drolysis of glucosides in beans, 348 
in almond extract, 314 
Hydrogen peroxide solution, 61, 66 
Hydrogen sulfide in mineral water, 515 
Hydrogen-ioii concentration of wheat 
flour, 208 


Hydroquinone solution, 130 
Hyoscine, 604 
Hyoscyamine, 604 
Hypophosphites, 593 

Ice cream, 295 

Identification, of natural coloring mat- 
ters, 244 

of permitted coal tar food colors, 237 
Ignited residue, in mineral water, 514 
in potable water, 505 
Index of refraction, of fats, cacao prod- 
ucts, 203 

of lemon and orange oils, 312 
oils, fats, and waxes, 405 
Indigo carmine solution, 196 
Indigo solution, 168 
Industrial water, 526 
Insecticides and fungicides, 41 
Insoluble matter in mixed or composite 
pigments, 95 

Interpretations of results, fertilizers, 689 
Invert sugar, 477 
commercial, in honey, 490 
Invertase solution, 474 
Iodide and bromide in mineral water, 
522 

Iodine, 542, 593 
in mineral mixed fee<Is, 349 
plants, 133 

presence of chloride and bromide in 
brine, 528 
soils, 8 

organically combined in erythrosine, 
259 

Iodine absorption number, 410 
of boiled linseed oil, 110 
cacao products, 203 
fatty acids in paints, 89 
paprika oil, 450 
raw linseed oil, 108 
Iodine indicator, 132 
Iodine reaction of beer, 152 
Iodine solution, 154, 451, 515 
for SO 2 , standard, 86 
standard, 41, 542 
Iodoform, 594 
Iodoform gauze, 594 
Iodoform ointment, 594 
lonizable silver compounds, detection 
and estimation, 598 
Ipecac, 577 

Ipomea in tablets, 566 
Iron, and aluminum, in baking powders 
and baking chemicals, 189 
in mineral water, 516 
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plants, 122 
industrial water, 526 
permitted dyes, 251 
oxides of, in soils, 6 

Iron methylarsenates, iron cont^t, 592 
Iron powder, reduced, 138 
Irrigating water, 627 
Isomeric and similar dyes in amaranth, 
259 

Isopropyl alcohol, detection in spirits, 
172 

Jackson- Mathews modiScation of Nyiis 
selective method, 483 
Jalap, 667 

Jams, soluble solids in, 320 
Jones modification of Robertson 
method, 27 
Jorissen method, 442 
Jorissen test, 431 

Kainit, definition, 686 
Kaolin, 116, 119 

Kauri gum, addition to varnishes to re- 
duce elasticity, 104 
solution, standard, 104 
Kernel paste, 402 

Kerr-Sorber method, modified, 212 
Ketone and aldehyde in volatile oil, 449 
Ketones, detection in spirits, 172 
Kirschner value, 415 
Kjeldahl method, modified, 25 
organic and ammoniacal nitrogen in 
fertilizers, 23 
total nitrogen in soils, 5 
Kjeldahl-Gunning-Arnold method, 25 
Kleber method, 313 
Kling method, 326 
Knapheide-Lamb method, 349 
Knorr’s apparatus for total carbon di- 
oxide, 184 

Koettstorfer number, 412 
Kraut’s reagent, 602 
Kreis test, 402 
Krober's tabic, 641 

Lactose, 484 
in cream, 277 
mUk, 266 

milk chocolate, 199 
evaporated milk, 280 
process cheese, 294 
sweetened condensed milk, 281 
Lakes, 233 

Lane-Eynon method, factors for 10 cc 
Soxhlet’s solution, 638 
for 25 cc Soxhiet's solution, 639 


Langer’s method, modified, 587 
Leach test, 437 

Lead, basic carbonate of, in paints, 91 
basic sulfate of, in paints, 92 
in boiled linseed oil. 111 

commercial coal tar food colors, 251 
foods, 376 
pigments, 96 
potable water, 512 
“Lead” acid, 84 

Lead acetate solution, 327, 329 
Lead arsenate, 49 
Lead nitrate solution, alkaline, 85 
Lead number, of maple products, 492 
of vanilla extract, 307 
Lead oxide, in Bordeaux mixture with 
lead arsenate, 55 
in insecticides and fungicides, 44 
lead arsenate, 50 
Lead solution, standard, 377 
Leathers, 112 

Leaves, foreign, in tea, 195 
Lemon and orange extracts, 309 
Lemon and orange oils, 312 
in extracts, 310 

Lemon and orange peel color, 312 
Lemon oil in vegetable and mineral oils, 
317 

Leucosin in wheat flour, 210 
Levant worm seed, 588 
Levo-malic acid in fruits and fruit prod- 
ucts, 329 
Levulose, 483 
in sugars, 488 

Liebermann-Storch test, 89 
Lignin in plants, 140 
Lime, air-slaked, definition, 683 
definition, 686, 687, 688, 690 
ground shell, definition, 685 
hydrated and slaked, definition, 680 
in lime-sulfur solutions, 64 
Lime oil in vegetable and mineral oils, 
317 

Limestone, ground, definition, 685 
mechanical analysis, 40 
Lime-sulfur solutions, 62 
Liming materials, agricultural, 38, 683 
Lindo-GIadding method, 29 
Linseed oil, addition of, to increase elas- 
ticity of varnishes, 105 
boiled, 110 
raw, 107 

Lipoids and lipoid phosphoric acid, in 
eggs and egg products, 299 
in macaroni products, 229 
wheat flour, 211, 212 
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I.iqueurs, 179 
Liquors, distilled, 170 
in tanning materials, 118 
Lithium in mineral water, 518 
Lithopone in paints, 93 
Litmus indicator, 61 
Tyoeke-Ringer solution, modified, 601 
Logwood method, 460 
Loss on heating at 105-110®, boiled 
linseed oil, 110 
raw linseed oil, 1 10 
Loss on ignition, pigments, 95 
soils, 1 

McGill method, modified, 187 
Macaroni products, 228 
Macroscopic examination of coffee, 191 
Magnesia in fertilizers, 34 
Magnesia mixture, 19, 605 
Magnesic products, high, definition, 685 
Magnesium, in fruits and fruit products, 
323 

in industrial water, 526 
mineral wat er, 518 
permitted dyes, 251 
pigments, 100 
plants, 124 
salt, 532 

Magnesium arsenate, 51 
Magnesium nitrate solution, 19, 130 
Magnesium oxide, total, in agricultural 
liming materials, 40 

Magnesium urauyl acetate solution, 126 
Malic acid value of maple products, 494 
Malted milk, 281 
Maltose, 484 

Malic acid, in beverages and concen- 
trates, 144 

in cordials and liqueurs, 181 

fruits and fruit products, 329, 330 
wines, 168 
Malt, 152 

Malt beverages, sirups and extracts, and 
brewing materials, 148 
Malt extract, 342 

Malted milk and its allied products 
microscopical identification, 283 
photomicrographs, 284, 286 
Maltose conversion table, 220 
Manganese, definition, 686 
in foods, 399 

fruits and fruit ))roduct8, 322 
mineral water, 521 
plants, 125 
soils, 7, 8 

oxides of, in soils, 6 


Manganese sulfate, definition, 686 
Manganous sulfate solution, standard, 
8, 521 

Manure salts, definition, 686 
Manures, dried, pulveriKed or shredded, 
definition, 684 
Maple products, 490 
Marine animal oils in presence of vegeta- 
ble oils and absence of metallic 
salts, 423 

Marl, ground shell, definition, 685 
Marmalades, soluble solids, 320 
Marrae’s reagent, 602 
Marsh test, 179 

Martins yellow in naphthoi yellow S, 
260 

Matter insoluble in carbon tetrachloride 
in commerical coal tar food colors, 
257 

Matter soluble in water, pigments, 102 
Mayer’s reagent, 451, 602 
Mealiness of malt, 153 
Meat and meat products, 353 
Meat bases, 360 

Meat extracts and similar products, 364 
Meat scrap or tankage, bone content, 
347 

Mechanical analysis, of ground lime- 
sl-orie, 40 

of Thomas or basic slag, 35 
Meissl and Hiller’s factors, invert sugar, 
633 

Meloy cottonseed mixer and divider, 424 
Melting point, of commercial coal tar 
food colors, 257 
of fat, cacao products, 203 
fats and fatty acids, 407 
Menthol, 571 

Mercurial ointment, mercury content, 
597 

Mercuric bromide paper, 370 
Mercuric iodide solution, 266 
Mercuric potassium iodide solution, 602 
Mercuric sulfate solution, 172 
Mercurochrome, tests for purity, 596 
mercury content, 596 
Mercurochrome solution, total solids 
content, 596 

Mercurous chloride in tablets, 595 
Mercurous iodide in tablets, 595 
Mercury, in foods, 393 
in mercurial ointment, 597 
mercurochrome, 596 
organic mercurial seed disinfec- 
tants, 64 

Mercury solution, standard, 393 
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Mercury-thiocyanate solution, 45 
Metals, in beer, 152 
in beverages and concentrates, 145 
commercial coni tar food colors, 251 
confectionery, 487 
foods, 370 

fruits and fruit products, 334 
maple products, 492 
meat, 359 

meat extracts and similar products, 
367 

vegetables and vegetable products, 
498 

vinegars, 461 
Methenamine, 606 
in tablets, 558 
Methyl alcohol, in beer, 152 
in cordials and liqueurs, 182 
lemon and orange extracts, 312 
presence in ethyl alcohol, 578 
spirits, 173 
vanilla extract, 309 

Methyl anthranilate in beverages and 
concentrates, 145 
Meth 3 d orange indicator, 41 
Methyl red indicator, 24, 31, 34 
Methjd salicylate in wintergreen ex- 
tract, 317 

Methylene blue, 559 
Methylthionine chloride, 559 
Microanah'sis of tomato, pulp, puree, 
sauce, paste, 500 

Microcheraical tests, for alkaloids, 602 
for synthetics, 605 

Microscopic examination, of almond 
paste, kernel paste, etc., 403 
of butter, 290 
spices, 450 

Microscopical identification of malted 
milk and its flavored products, 283 
Milk, 264 

added water in, method, 269 
table, 672 
dried, 281 
evaporated, 279 
malted, 281 

Milk fat in milk chocolate, 201 
Milk solids in bread, 222 
Millon’s reagent, 209 
Millon’s test, 337 

Mineral acids, free, in vinegars, 460 
Mineral constituents, of confectionery, 
485 

of sugars, sirups, and molasses, 405 
Mineral oil, and other unsaponifiablc 
matter in paints, 89 


in turpentine oil, 81 
oils of lemon, orange and lime con- 
tent, 317 

Mineral oil-soap emulsions, 59 
Mineral oils, 59 
Mineral water, 514 
Moisture, in Bordeaux mixture, 53 
in Bordeaux mixture with calcium 
arsenate, 56 

Bordeaux mixture with lead arse- 
nate, 55 

Bordeaux mixture wuth Paris green, 
54 

butter, 288 
cacao products, 198 
calcium arsenate, 50 
cheese, 291 

commercial coal tar food colors, 247 
confectionery, 484 
corn and rice brewing materials, 
160, 161 

cottonseed, 425, 426 

dried milk and malted milk, 281 

fertilizers, 18 

fruits and fruit products, 320 
gelatin, 367 

grain and stock feeds, 335 
honey, 487 

insecticides and fungicides, 41 
lead arsenate, 49 
leathers, 112 
macaroni products, 228 
magnesium arsenate, 51 
malt, 154 

maple products, 491 
meat, 353 

meat extracts and similar products, 
364 

mixed or composite pigments, 95 
nuts and nut products, 400 
oils, fats, and waxes, 404 
Paris green, 47 
plants, 121 

raw and spent materials, 119 

roasted coffee, 191 

salt, 531 

soap, 58 

soils, 1 

spices, 446 

sugars, sirups, and molasses, 463 
tea, 195 

vegetables and vegetable products, 
497 

wheat flour, 206 
zinc arsenite, 52 
Mohler test, modified, 432 
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Moiasses, 462 
Mold in malt, 154 
Molds in tomato products, 500 
Molybdate solution, 19, 20 
Monier- Williams method, 440 
Monosulfide equivalent, lime sulfur 
solutions, 63 
Morphine, 546, 604 
in sirups, 586 
tablets, 564 

Morpurgo method, 442 
Munson- Walker method, 135, 479, 482, 
484 

table, 626 

Mustard, prepared, 452 
Mydriatics and myotics, 599 
Myotics, 599 

Naphthol yellow S, inartius yellow con- 
tent, 260 

Natural coloring matters, 244 
reaction of, to common reagents, 246 
Naval stores, 75 
Neoeinchophen, 606 
Nessler’s reagent, 505, 558 
Nessler's solution (Folin), 137 
Net weights, definition, 690 
Neutralizing value, of agricultural lim- 
ing materials, 38 

baking pow^ders and baking chemicals, 
186 

Nicotine, 604 
in tobacco, 138 

tobacco and tobacco extract, 60 
Nitrate nitrogen in plants, 138 
Nitrate solution, standard, 506 
Nitrates, detection in fertilizers, 23 
in industrial water, 526 
meat, 355 

meat extracts and similar products, 
366 

wines, 169 

Nitrite solution, standard, 216, 506 
Nitrites, in meat, 355, 356 
meat extracts and similar products, 
366 

tablets, 597 

Nitrobenzol in almond extract, 315 
Nitrogen, amino, in wheat flour, 210 
ammoniacal, in fertilizers, 26 
in cacao products, 198 
cheese, 291 
confectionery, 485 
cream, 277 

eggs and egg products, 298 
evaporated milk, 280 


fertilizers, 25 
gelatin, 367 

grain and stock feeds, 338 
ice cream, 295 
leathers, 115 
meat, 354, 359, 360, 361 
meat extracts and similar products, 
365, 366 
milk, 265 

mineral water, 514 

permitted food dyes, 262, 263 

potable water, 505, 506 

plants, 137 

salad dressings, 454 

soils, 5 

spices, 445 

sugars, sirups, and molasses, 466 
nitrate, in fertilizers, 27 
in plants, 138 
soils, 16 

nitrate and ammoniacal, in fertili- 
zers, 26 

nitrite, in wheat flour, 216 
organic and ammoniacal only, in 
fertilizers, 23 
urea, definition, 689 
water-soluble, in cyanamide, 27 
Nitrogen activity of fertilizers, 28 
Nitrogenous materials, crude, inert or 
slow acting, definition, 684 
Nitroglycerin, 562 
Nontannins, in leathers, 115 
liquors, tanning materials, 119 
tatining materials, 117 
Non-volatile matter, varnishes, 104 
Non-volatile vehicle, percentage of, in 
paints, 88 

Nutmeg extract, 317 
Nuts and nut products, 400 

Oat hulls in oats and oat feeds, 346 
Odor of potable water, 504 
Oil, identification, in salad dressings, 455 
in anise and nutmeg extracts, 317 
cassia, cinnamon, and clove ex- 
tracts, 315 
cottonseed, 426 

mineral oil-soap emulsions, 59 
peppermint, spearmint, and winter- 
green extracts, 316 
Oils, fats, and waxes, 404 
of lemon, orange and limes in vegeta- 
ble and minerals oils, 317 
volatile, in rosin, 77 
Oleomargarine, 290 
Opium alkaloids, 564 
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Optical rotation of lemon and orange 
oils, 312 
volatile oil, 449 
Orange extract, 309 
Orange oil in extracts, 310 
vegetable and mineral oils, 317 
Orange oils, 312 
Orange peel color, 312 
Orange II in orange T, 200 
Organic carbon in soils, 4 
Organic mercurial seed disitifectnnts, 64 
Ost's solution, 4S3 

Oxalic acid solution, standard, 320, 510 
Oxides of iron, aluminum, manganese, 
phosphorus, and titanium in soils, 
6 

Oxygen in ])otable water, 510, 511 
Oxyquinoline sulfate, 000 

Paints, 84 

Palm kernel oil, in cacao butter and fat 
extracted from milk chocolate, 201 
silver number for detection, 203 
Papaverine, 604 

Paprika oil, iodine number of, 450 
Paraffin, in confe<dionery, 486 
in facing for tea, 197 
Paris green, 17 
See also Bordeaux mixture. 

Parr’s table, 674 
Pasteurizatinn of l)eer, 152 
Peanut butter, 401 

Peanut oil in oils, fats, and waxes, 421 
Peat, definition, 687 

Pectic acid in fruits and fruit products, 
324 

Pentabromacetate, apparatus for drying 
by aspiration, 328 

Pento.sans, in grain and stock feeds, 344 
in wines, 169 

Peppermint, spearmint, and winter- 
green extracts, 316 
Peptone in meat, 360 
Percolator, automatic, 5S9 
Perhydro], 66 
Permutit (Folia), 137 
Petroleum ether extract, in leathers, 
113 

in rousted coffee, 193 
tea, 196 

Petroleum ether-insoluble matter in 
rosin, 76 

Phenacetin, 541, 548, 549 
Phenol coefficient, 68 
Phenol in caustic poisons, 73 
Phenobarbital, 582 


Phenoldisulfonic acid solution, 356, 606 
Phenolphthalein, chocolate prepara- 
tions, 569 
in tablets, 569 
Phenolthalein indicator, 20 
Phenolsulfonates, 597 
Phenylhydrazine bisulfide solution, 188 
Phenylhydrazine solution, 183 
Phloroglucin, 344 
Phosphate 

“basic" lime, definition, 683 
dicalcium, definition, 684 
inono-aminonium, definition, 686 
precipitated, definition, 687 
soft, with colloidal clay, definition, 688 
Phosphate rock, definition, 687 
Idiosjibate solution, 7 
Phosphoric acid, available, definition, 683 
citrate-insoluble, in fertilizers, 21 
eitrate-solul>le, definition, 684 
in fertilizers, 23 

citric acid-soluble, in Thomas or basic 
slag, 36 
definition, 687 

in ash, of roasted coffee, 192 
of tea, 195 

baking powders and baking chemi- 
cals, 190 
beer, 150 

cordials and liqueurs, 183 
mineral water, 520 
salad dressings, 455 
vinegars, 156 
wines, 166 

Phosphoric acid, total, in eggs and egg 
products, 300 
in fertilizers, 19 

Thomas or basic slag, 36 
Phosphoric acid, water-soluble, in ferti- 
lizers, 21 

Phosphorus, in gelatin, 3(57 
in meat, 354, 364 

meat extracts and similar products, 
365 

plants, 130 
soils, 1 1 

oxides of, in soils, 6 

Physical constants of the 10 per cent 
distillate of lemon and orange oils, 
313 

Physical examination, of cordials and 
li(puMirs, 179 
of spirits, 1 70 
wine, 163 

Phytosterol in mixtures of animal and 
vegetable fats, 418 
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Pigment, in paints, 87, 90 
titanium, in paints, 94 
Pigments, and lakes, 233 
mixed or composite, 95 
used for coloring or facing, tea, 197 
Pilocarpine, 604 
Pilocarpine hydrochloride, 554 
Pinene, in lemon and orange oils, 313 
Plant food, unit of, definition, 688 
Plants, 121 

Plaster, land definition, 685 
Platinum solution, 29 
Plato’s table, 613 
Poisons, caustic, 73 
Podophyllum, 567 

Polariscopic constants of gelatin, 368 
Polarization, of beer, 150 
of honey, 488 

maple products, 492 
vinegars, 459 
Polenske value 
cacao products, 203 
oils, fats, and waxes, 414 
Potash, definition, 687 
in fertilizers, 29 
muriate of, definition, 686 
nitrate of, definition, 686 
Potash-magnesia, sulfate of, definition, 
688 

Potassium 

in baking powders and baking chem- 
icals, 189 

fruits and fruit products, 321 
mineral water, 518 
plants, 125 
soap, 58 
soils, 12 

Potassium bromate solution, standard, 
373, 590 

Potassium chloride, commercial, defini- 
tion, 68G 

Potassium chromate indicator, 33, 214, 
507 

Potassium cyanides, 56 
Potassium dichromate solution, 457, 584 
Potassium ferrocyanide, standard, 85, 
513 

Potassium hydroxide solution, alcoholic, 
412, 579 
standard, 20 

Potassium iodate solution, standard, 85 
Potassium iodide, in grain and stock 
feeds, 349 
solution, 131, 219 
Potassium nitrate, definition, 686 


Potassium permanganate solution, 28, 
51,84,132,174, 326,510 
Potassium sulfate, commercial, defini- 
tion, 688 

Potassium thiocyanate indicator, 86 
Power-Chesnut method, 192, 196 
Preservatives, and artificial sweeteners, 
430 

in vegetables and vegetable prod- 
ucts, 498 
in beer, 152 

beverages and concentrates, 145 

butter, 290 

cream, 279 

evaporated milk, 280 

fruits and fruit products, 334 

meat, 359 

meat extracts and similar products, 
367 

milk, 275 

prepared mustard, 453 
vinegars, 461 
wines, 169 

Preserves, soluble solids, 320 
Procaine, 573 

Procaine hydrochloride, 604 
Process cheese, lactose content, 294 
Proctor-Searle method, modified, 112 
Protein, in beer, 150 
in bread, 224 

dried milk and malted milk, 282 
fruits and fruit products, 325 
grain and stock feeds, 336 . 
macaroni products, 229 
nuts and nut products, 400 
prepared mustard, 453 
sweetened condensed milk, 281 
tea, 196 

wheat flour, 209 
wines, 169 

Protein-nitrogen, water-soluble, precipi- 
tablc by 40 per cent alcohol 
ill macaroni products, 229 
wheat flour, 211 

Proteins, milk, in cacao products, 198 
qualitative tests for, in grain and 
stock feeds, 337 

70 per cent alcohol-soluble, in wheat 
flour, 200 * 

soluble in 5 per cent potassium sulfate 
solution, in wheat flour, 209 
Proteose in meat, 360 
Proteoses and gelatin in meat extracts 
and similar products, 365 
Psyllium, swelling factor, 587 
Pyramidon, 573 
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Pyridium, 606 
Quinidine, 555, 604 
Quinine, 546, 555, 604 
and strychnine, separation, 575 
Quisumbiiig-Thomas method, 135 
table, 640 

Radioactivity, 534 

Radon method, radioactivity, 534 

Raffinose, 474 

Ramberg-Sjostrdm arsenic flask, 590 
Raw and spent materials, tanning ma- 
terials, 119 

Reducing substances in vinegars, 456, 
457 

Reducing sugars, in honey, 488 
in maple products, 492 

vegetables and vegetable products, 
497, 498 

other than dextrose, 484 
Reichert-Meissl value, cacao products, 
203 

oils, fats, and waxes, 414 
Refractive index of turpentine, 79 
of volatile oil, 449 
Renovated butter, 290 
Resin, in ginger, 450 
in ipomea, 566 
podophyllum, 567 

Resin oil in oils, fats, and waxes, 420 
Resorcinol test, 490 
Rice hulls in rice bran, 346 
Rice products, brewing material, 160, 
161 

Riche and Bardy method, 173 
Robertson method, 27 
Roese-Gottlicb method, 267, 277, 339, 
486 
Rosin, 75 
grading, 77 
in paints, 89 

Rye flour in wheat flour, detection, 218 
Saccharin, 434 

Saccharimeter scales, conversion factors 
of, 468 

Saccharimeters, temperature corrections 
to readings, 619 

‘Saccharimetric indication of beer, 148 
Salad dressings, 454 

Salicylates, total, in acetysalicvlic acid, 
551 

Salicylic acid, 430 
in acetylaalicylic acid, 550 
presence of other phenols, 570 
Salol, 549 


Salt, 504, 531 
in butter, 288, 289 

grain and stock feeds, 346 
meat, 354 

nuts and nut products, 401 
prepared mustard, 453 
Sand and silica, in plants, 121 
in tomato products, 499 
Sanglc-Kerri5re method, 442 
Santonin in mixtures and tablets, 587, 
588 

in santonica, 588 

Saponification number, of boiled linseed 
oil, no 

of oils, fats and waxes, 412 
raw linseed oil, 108 
rosin, 75 

Sausage and similar meat products, 
added water, 353 
Scales method, 478 
Schiff’s reagent, 174 
Schonrock's table, 622 
Schultze's mixture, 451 
Schweitzer’s reagent, 451 
Scopolamine, 604 

Scrub l)er trap for ammonia distillation, 
562 

Sediment test for milk, 275 
Seed (lisinfectants, organic mercurial, 64 
Seeds, foreign, in malt, 154 
Selenium, in plants, 134 
in soils, 13 

Self-rising flour, 207, 20S 
Separation, of dyes by immiscildc sol- 
vents, 235 

natural coloring matters, 244 
permitted coal tar food colors, 237 
Sesame oil, 422 

Sewage products, definition 683 
Sheep manure, definition, 688 
Silica, in industrial water, 526 
in mineral water, 516 
plants, 121 
soils, 6 

Silicotungstic acid solution, 60, 605 
Silver, 598 

Silver carbonate, 458 
Silver nitrate solution, standard, 33, 56, 
131, 214, 507 

Silver number for detection of coconut 
and palm kernel oils, 203 
Silver proteinates, 598 
Silver sulfate solution, standard, 506 
Sinibaldi method, 442 
Sirups, 462 

Slag, basic phosphate, definition, 684 
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Soap, 58 

in mineral oil-soap emulsions, 59 
Soda lye, 60 

Soda, nitrate of, definition, f 
Soda-lead, 57 

Sodium acetate, in commercial coal tar 
food colors, 250 

Sodium alizarin sulfonate solution, 46 
Sodium amalgam, 561 
Sodium and potassium in plants, 125 
Sodium and potassium cyanides, 56 
Sodium carbonate in erythrosine, 200 
Sodium carbonate fusion, soils, 5 
Sodium carbonate solution, 505 
Sodium carbonate-sucrose solution, 84 
Sodium chloride, in commercial coal tar 
food colors, 248 
in tomato products, 500 

vegetables and vegetable products, 
497 

Sodium ethylate, 808 
Sodium hydroxide, 681 
in sodium hypochlorite solutions, 66 
Sodium hydroxide solution, 20, 23, 28, 
31,38,41,61,109, 534 
alcoholic, 84 

Sodium hypochlorite in sodium hypo- 
chlorite solutions, 66 
Sodium, in baking powders and baking 
chemicals, 189 
in chloramine-T, 68 

permitted food dyes, 262 
soap, 58 
soils, 12 

Sodium iodide in erythrosine, 259 
Sodium, metallic, 581 
Sodium nitrate, commercial, definition, 
686 

solution, 355 

Sodium oleate solution, 378 
Sodium, potassium, and lithium in min- 
eral water, 518 
Sodium polysulfidc, 378 
Sodium salicylate, 547 
Sodium sulfate in commercial coal tar 
food colors, 249 
Sodium sulfite solution, 130 
Sodium thiosulfate solution, 43, 349, 
378, 398,511,542 
for SOi standard, 86 
Soil reaction, qualitative test, 15 
Soils, 1 

Solids, in baked products other than 
bread, 228 

in ginger extract, 316 
industrial w’ater, 520 


macaroni products, 228 
maple products, 491 
mineral water, 514 
potable water, 604 
prepared mustard, 452 
sugars, sirups, and molasses, 463 
tomato products, 499 
vinegars, 455 

insoluble, in tanning materials, 116 
milk, in bread, 222 
non-sugar, in wines, 165 
soluble, in fresh and canned fruits, 
jams, marmalades and preserves, 
320 

in leathers, 114 
roasted coffee, 191 
tanning materials, 116 , 
total, in air-dried ground sample of 
bread, 222 

in beverages and concentrates, 144 
cordials and liqueurs, 180 
cream, 27f 

eggs and egg products, 297 
entire loaf of bread, 222 
evaporated milk, 279 
fruits and fruit products, 320 
milk, 265 

lemon and orange extracts, 312 
liquors and tanning materials, 118 
salad dressings, 464 
sweetened condensed milk, 280 
tanning materials, 116 
vanilla extract, 308 
wheat flour, 206 
Solutions, standard, 681 
various strength, of common acids, 
alkalies and alcohol, 611 
Sorensen method, 364 
Soxhlet’s modification of Fehling’s solu- 
tion, 477 
Sparteine, 605 
Spearmint extract, 316 
Specific gravity, of beer, 148 
of beverages (non-alcoholic) and con- 
centrates, 144 
boiled linseed oil, 110 
cordials and liqueurs, 180 
lemon and orange extracts, 309 
lemon and orange oils, 312 
milk, 264 

mineral water, 514 

oils, fats, and waxes, 404 

paints, 91 

raw linseed oil, 107 

spirits, 170 

tomato products, 498 
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turpentine, 79 
vanilla extract, 306 
vinegars, 455 
volatile oil, 449 
wines, 163 

Spices, and other condiments, 445 
in vinegars, 461 
Spirits, 170 

Spores in tomato products, 501 
Stannous chloride solution, 370 
Staphylococcus aureus, use of in deter- 
mination of phenol coefficient, 71 
Starch in baking powders and baking 
chemicals, 187 
iu beer, 152 

cacao products, 205 
confectionery, 485 
fruits and fruit products, 333 
grain and stock feeds, 342 
meat products, 357 
peanut butter, 402 
plants, 136 
roasted coffee, 193 
spices, 446 
wheat flour, 213 
Starch indicator, 41 
chlorine-free, 132 
for sulfur titration, 86 
Starch iodate paper, 86 
Starch iodide paper, 261 
Starch solution, 84, 219 
Stems in tea, 195 
Stock feeds, 335 
Stramonium ointment, 589 
Strontium in mineral water, 517 
Strychnine, 575, 605 
in liquid preparations, 575 
tablets, 574 
Sucrol or dulcin, 442 
Sucrose and raffinose, 474 
in beverages and concentrates, 144 
cacao products, 198 
confectionery, 485 
cordials and liqueurs, 180 
eggs and egg products, 301 
fruits and fruit products, 332 
grain and stock feeds, 341 
honey, 488 

lemon and orange extracts, 312 
maple products, 492 
plants, 136 
salad dressings, 454 
sugar beets, 494 

sugars, sirups, and molasses, 466, 
476 

sweetened condensed milk, 281 


vanilla extract, 308 
vegetables and vegetable products, 
498 

wines, 165 

Sugar and salt in nuts and nut products. 
401 

Sugar beets, 494 

Sugar in coating and glazing substances, 
194 

in meat, 358 

meat extracts and similar products, 
3G7 

Sugar solutions, degrees Brix, specific 
gravity and degree Baum6, 613 
Sugar-free extract, 165 
Sugars, and sugar products, 462 
in beer, 150 

fruits and fruit products, 332 
grain and stock feeds, 341 
plants, 134, 135, 
roasted coffee, 193 
salad dressings, 454 
spirits, 173 

tanning materials, 117 
tomato prodvicts, 500 
wheat flour, 209 
wines, 165 
Sulfate, in salt, 531 
of ammonia, definition, 688 
potash, definition, 688 
potash-magnesia, definition, 688 
soluble, in pigments, 101 
Sulfate sulfur in lime-sulfur solutions, 64 
Sulfates in vinegars, 450 
Sulfide solution, 23 

Sulfide sulfur, in lime-sulfur solutions, 
63 

pigments, 101 

Sulfite-cellulose in tanning materials, 
118 

Sulfite-fuchain solution, 171, 311 
Sulfonal, 588 

Sulfonated dyes, lower, 258 
Sulfur compounds, total soluble, in pig- 
ments, 101 

Sulfur dioxide, in beer, 152 
in gelatin, 369 
pigments, 101 

in ash of fruits and fruit products, 321 
commercial coal tar food colors, 254 
lime-sulfur solutions, 62 
permitted food dyes, 262 
plants, 129 
soils, 11 

Sulfuric acid, in baking powders and 
baking chemicals, 190 
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in. industrial water, 526 
mineral water, 518 
wines, 166 
solution, 23, 108 
Sulfurous acid, 440, 44 1 
Superoxol, 66 

Superphosphate, definition, 683, 6S8 
Suspended matter in potable water, 505 
Sweetened condensed milk, 280 
Sweeteners, artificial, 430 
in vegetables and vegetable products, 
498 

beer, 152 

Sweetening substitutes in fruits and 
fruit products, 334 
Synthetics, microchemical tests, 605 

Tables, reference, 610 
Tankage, bone content, 347- 
definition, 688 
fish, definition, 683, 685 
mechanical analysis, 18 
Tankages, process, definition, 687 
Tannin, in leathers, 115 
in spices, 446 

tanning materials, 117 
tea, 196 
wines, 168 

Tanning materials, 116 
Tartaric acid, in baking powders and 
baking (diemicals, 186, 187 
in beverages and concentrates, 144 
cheese, 292 

cordials and liciueurs, 181 
fruits and fruit products, 325 
vinegars, 460 
wines, 167, 168 

Tartrazine and amaranth, 261 
Tea, 191, 195 

Temperature correction for specific 
gravity of oils, 405 
Terpin hydrate, elixir of, 563 
Tertiary butyl ' alcohol, detection in 
spirits, 172 

Tetrachlorethylene in mixtures, 581 
Theobromine, 605 
in theoiiromine calcium, 590 
Theophylline, 605 
Thermometer, tested, 273 
Thinner, volatile, in paints, 87 
Thiosulfate solution, 23, 49, 480 
Thiosulfate sulfur in lime-sulfur solu- 
tions, 63 
Thomas slag, 35 

Thorium nitrate solution, standard, 46 


Thymol, 571 
in antiseptics, 572 
Thymol blue indicator, 302 
Tin, in foods, 396 
Titanium, oxides of, in soils, 6 
Titanium pigment in paints, 94 
Titanium solution, 508 
Titanium trichloride solution, 599 
Titer test for fats, oils, and waxes, 408 
Titer-test thermometers, specifications, 
408 

Tobacco, ammonia content, 137 
and tobacco extract, 60 
free nicotine content, 138 
Toluol-insoluble material, rosin, 76 
Tomato products, 498 
Tragacanth, volatile acidity of, 578 
Tribasic lead acetate solution, 329 
Triethanolamine, 606 
Trillat method, 173 
Trional, 589 

Turpentine, spirits of, and oil, 77 

Unsaponifiahle matter, in boiled linseed 
oil, 110 

in eggs and egg products, 300 
raw linseed oil, 108 

Unsaponifiahle residue, in fats, oils, and 
waxes, 420 

in macaroni products, 229 

mineral oil-soap emulsions, 60 
mineral oils, 59 
wheat flour, 212 
Uranyl indicator, 85 
Urea nitrogen, definition, 689 

Vanilla extract and its substitutes, 306 
Vanilla resins, 308 
Vanillin, 307 
and coumarin, 306 
Van Slyke method, 361 
Varnishes, 84 
oleo-resinous, 103 

Vegetable oil, oils of lemon, orange and 
limes in, 317 

Vegetable tanned leather, 112 
Vegetables and vegetable products, 497 
Villavecchia test, 422 
Vinegars, 455 

Viscosity of acidulated flour, 221 
varnishes, 107 

Vitamin. D assay by preventive bio- 
logical test, 351 

Volatile acids in beverages and concen- 
trates, 144 
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Volatile matter in oils, fats, and waxes, 
404 

Volatile oil, and resin in ginger, 450 
in mustard seed, 450 
spices, 448 
tea, 196 

Wagner’s reagent, 543, 602 
Water, added, to cream, 277 
to grape juice, 333 
milk, 269 

sausage and similar meat products, 
353 

in mineral oil-soap emulsions, 59 
paints, 86 

Water extract in tea, 195 
Water extractives in commercial coal tar 
food colors, 257 
Wateriest of varnishes, 107 
Waters, brine, and salt, 504 
Water-soluble matter in commercial coal 
tar food colors, 247, 248 
in leathers, 113 
Waxes, 404 

in coating and glazing substances, 195 
Waxy substances in facing for tea, 197 
Weight, bushel, of malt, 153 
1000 kernels, of malt, 153 
Wein method, 484 
Wein's table, 634 
Wheat flour, 206 
Wichmann method, 307 
Wijs method, 412 


Wijs solution, 84 
Wiley method, 407 
Wines, 163 

Wintergreen extract, 316 
Winton lead number, 493 
Winton method, 307 
Wood ashes, unleached, definition, 688 
Wool waste, definition, 688 
Wort, color of, 158 
original, extract of, 149 

Xanthoproteic test, 338 

Yeasts and spores in tomato products, 
501 

Yohimbine, 605 

Zeiss butyro-refractometer, 269, 406 
Zeiss immersion refractometer at 17.5°, 
scale readings, corresponding spe- 
cific gravities of ethyl and methyl 
alcohol solutions, 175 
Zinc arsenite, 52 
Zinc, in foods, 398 
in gelatin, 368 
plants, 128 
potable water, 514 

Zinc oxide, in insecticides and fungi- 
cides, 45 
in paints, 92 

total, ill zinc arsenite, 52 
Zinc solution, 514 
Zinc sulfate solution, 85, 128 
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